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| am pleased to release Digital Economy 2002 (DE2002), the Commerce Department’s
fourth annual report ontheimpact of information technology (1T) on the structureand
performance of theU.S. economy. Inmy view, reportslikethisonefulfill acoreelement
of the Commerce mission by providing thedataand analysesthat hel p policy makers,
business people, and privateinvestors make better economic decisions. Eventsof the
past year —arecession and theterrible events of September 11 —have made our task
more challenging than ever and, if possible, even moreimportant.

In recent days, the economy has shown welcome signsof imminent recovery. DE2002
showsthat the recovery, when it comes, will haveafirmfoundation. Despitethe
recession, busi nesses continued through 2001 to build stocksof I T capital. Inaddition,
owing partly to continuing I T innovation and deployment, inflation hasremained low,
and productivity growth, breaking the pattern of every recession since 1950, hasbeen

positive.

DE2002 a so showsthat the diffusion of information technology and the Internet have
continued to expand opportunitiesfor al Americansto communicate, shop, and learn.
Today morethan haf of al Americansusethe Internet; moreover, Internet use
isincreasing rapidly among all demographic, economic, and regiona groups. Atwork and
at home, IT and thelnternet are swiftly becoming fixturesof our daily lives.

ThelT revolution hasbeendrivenlargely by private creetivity and entrepreneuria

courage. The American peopl € sreceptivenessto using and adapting new technology has
also contributed to our success. However, achievement of therevolution’sfull potentia
will also demand skillful public action—to preservethe environment for continued
innovation and investment, to enhance cyber security, to protect consumersand ensure
respect for individua privacy, and to guaranteethat all American businessesand al of
America’'speople can participatefreely, according to their own goalsand talents, inthe
promiseof thedigital economy. Onall sides, much remainsto be done.

DonadL. Evans
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Executive Summary

Tne second half of 2000 marked a turning point
in recent economic experience and gave new
urgency to questions about the nature and dura-
bility of the new economy.r Answers to these
questions should be clearer on the far side of the
slowdown. For analysts standing in the hollow of
the process, however, the challenge is still to as-
sess developments in IT-producing and -using in-
dustries since mid-2000 and to determine what
that experience suggests about the future.
Digital Economy 2002 concludes that, despite
an economic slowdown and recession, U.S. indus-
tries have continued to build the nation’s IT capi-
tal stock, to marshal the human skills and IT ser-
vices that make the installed base of IT capital
more productive, and to create as a result the
enduring foundation of a stronger economy.

THE NEW ECONOMY—
BATTERED BUT ENDURING

e Falling profits in a slowing economy have weak-
ened business investment, including IT invest-
ment. Nonetheless, demand remains at re-
markably high levels by historic standards. In
the fourth quarter of 2001, U.S. businesses
invested in IT equipment and software at an
annual rate of $408 billion, down 16 percent
from the peak four quarters earlier. Because
the gains throughout 2000 were so large and
IT prices have been falling rapidly, real invest-
ment for all of 2001 was only 3 percent below

1 We define the “new economy” as an economy in which IT and
related investments drive higher rates of productivity growth.
U.S. experience in the late-1990s suggests that new economies
are capable of long periods of rapid output growth with low infla-
tion and low unemployment. Events since July 2000 indicate that
IT-related changes in the organization of production and the
composition of employment also support atypically high rates of
productivity growth in periods of economic slowdown.

the level for 2000. As a result, U.S. businesses
have continued at a diminished rate to build
net stocks of IT processing equipment and soft-
ware.?

® |n 2000, the composition of business IT spend-
ing shifted toward products and services likely
to result in more productive use of IT hardware
(e.g., software and computer services). This
trend continued in 2001; through the fourth
quarter of the year, software spending declined
slightly (at a 3-percent annual rate), but re-
mained far stronger than other categories of
IT investment spending.

e Employment patterns reflect the changes in
business spending. Despite a 1.4 percent de-
cline in the total private sector employment dur-
ing 2001, employment grew by 0.5 percent in
telecommunications services and 1.4 percent
in computer software and services—industries
whose outputs are likely to make the installed
base of IT hardware more productive. IT-pro-
ducing industries employed roughly 5.6 million
workers in 2000 and paid twice the average
private industry wage ($73,800 compared with
$35,000).

® Only 18 percent of the acceleration in U.S. pro-
ductivity growth between 1989-95 and 1995-
2000 came from durable manufacturing indus-
tries (including semiconductors, computers,
and communications equipment), with the re-
mainder coming from IT-intensive industries?
outside the durables sector and from indus-
tries that use IT less intensively. Of 55 indus-
tries in the U.S. nonfarm business sector, 30
contributed positively to productivity growth
acceleration. Such dispersion of productivity

2 Net stock is the real value of installed capital minus depre-
ciation plus new investment.
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growth suggests that massive IT investments
by U.S. industries are producing positive and
enduring changes and in the nation’s economic
potential.

® |T-intensive industries have helped check in-
flation. Between 1989 and 2000, while infla-
tion in less IT-intensive industries averaged 3.0
percent, inflation in the IT-intensive sector av-
erage only 1.3 percent. Overall inflation (net
of food and energy price changes) during the
period averaged 2.1 percent.

e During 1996-2000, when the economy grew
by an average 4 percent annually, the IT-pro-
ducing sector, which accounted for 7 percent
of GDP (on average), grew by 21 percent a year
(on average, in real terms), and was respon-
sible for 28 percent of overall real economic
growth.

SOURCES OF CONTINUING UNCERTAINTY

e Experience since the beginning of 2001 sug-
gests that the dynamism of IT-producing indus-
tries is double-edged. During 2000, business
investment in information processing equip-
ment and software (calculated as an average
of annualized quarterly rates) accounted for 37
percent of the growth in U.S. GDP. By con-
trast, in 2001—for the first time in a decade—
reductions in business investment in IT equip-
ment and software had a negative effect on
economic growth.

* [nvestment aside, the IT sector retains a sig-
nificant base of demand in the areas of busi-
ness spending on current expenses, personal
consumption, and government consumption.
In 2000, when IT investment totaled $466 bil-
lion, businesses spent another $258 billion on
expensed IT goods and services. In the same
year, consumers paid $121 billion for comput-
ers, peripherals, and software, and another
$44 billion for communications services; and

3 ESA economists ranked 55 two-digit SIC industries in the
U.S. nonfarm business sector based on industry ratios of IT equip-
ment stock to full-time employment (in 1996). Then they calcu-
lated each industry’s average share of nominal GDP for the years
1989-2000. Reading top-to-bottom, they divided their ranked list
of industries at the point where the sum of industry shares of GDP
equaled 50 percent. For the analysis reflected in this bullet, they
defined the 29 industries above the dividing line as “IT-inten-
sive.”

IT expenditures by governments at all levels
totaled over $20 billion.

Though U.S. IT companies are widely seen as
leaders in world markets, the United States in
2000 had a deficit in IT goods trade of $88
billion. In an increasingly integrated global
economy, however, trade alone is a misleading
indicator of competitive strength. In 1998, for
example, in the five IT industries for which af-
filiate data are reported, foreign sales by ma-
jority owned affiliates of U.S. IT companies to-
taled $202 billion—almost twice the $113 bil-
lion in comparable U.S. IT exports that year.

While globalizing production, U.S. companies
have kept high value-added functions at home.
In three major IT-producing industries,* plants
located in the United States produce on aver-
age more than three-quarters of the total value
added by companies in the United States and
the majority-owned foreign affiliates of U.S.
companies.® U.S. jobs in these industries pay
on average more than twice as much as jobs
at foreign affiliates in the same industries.

Private estimates indicate that the surge in
“dot-com” failures that began in mid-2000,
peaked in the first half of 2001 and has begun
to subside. By one estimate, as much as 10
percent of the 7,000 to 10,000 “substantial”
Internet companies that have received some
formal venture funding closed their doors be-
tween January 2000 and December 2001.
Through the middle of 2001, these failures, and
staff cuts at surviving dot-com companies and
the Internet divisions of primarily off-line com-
panies had resulted in an estimated 135,000
layoffs.

To date, the Internet as a commercial medium
has disappointed initial expectations. E-com-
merce as a share of total U.S. retail sales re-
mains at approximately 1 percent. At the in-
dustry level, reliance on e-commerce has been
widespread but uneven. In 1999, the Internet
or more traditional EDI transactions accounted
for 12 percent of manufacturing shipments and
5.4 percent of sales by wholesale merchants.

4 Computer and office equipment; household audio and video

and communications equipment; and electronic components and
accessories.

5 Estimates based on 1998 Census annual survey data.
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By contrast, e-commerce accounts for less
than 1 percent of shipments among retailers
and selected service providers.

THE FUTURE OF THE NEW ECONOMY

In early 2000, Nobel Laureate Robert Solow
observed that he would “feel better about the
endurance of the [post-1995] productivity im-
provement after it survives its first recession.”
On these terms, the acid test of the new economy
is incomplete, but preliminary signs are encour-
aging. On each of the last eight occasions since
1950 when growth in nonfarm business output
has turned negative for two consecutive quarters,

productivity growth has also turned negative.
During the economic downturn of 2001, by con-
trast, productivity growth remained at a remark-
ably robust 1.9 percent, well above the U.S. norm
for the period 1973-95 and almost matching the
1995-2000 period.

Continued strong productivity growth in a pe-
riod of economic weakness suggests that U.S.
industries are continuing to benefit from past and
current investments in IT equipment, software
and services, and related human skills. In effect,
even as these industries continue to build the
foundations of future U.S. economic strength,
they are realizing the benefits of the new economy.
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Preface

Kathleen B. Cooper

Digital Economy 2002 (DE2002) is the Department’s fourth annual report assessing the effects of
information technology (IT) on U.S. economic performance. At bottom, each of these reports has
addressed the same question—whether the integration of IT into our systems of production and distri-
bution has created an economy that can achieve unusually high productivity growth well into the future.
None of the four has answered this question conclusively. But DE2002 comes the closest.

This year’s report has faced new challenges. The question may be the same, but answers are more
elusive. The slowdown that began mid-2000 and economic repercussions of the terrible events of
September 11, 2001 have prompted additional skepticism about the new economy. This skepticism
may be excessive—its expectations tied too closely to current experience. Until 18 months ago, IT
enthusiasts probably oversold the promise of the new economy. Today, however, the opposite effect
holds sway—encouraging a similar overselling of the contrary claim that the new economy never was.

In fact, the idea of the new economy was never a promise or even a hope that IT—like some reincar-
nation of 1960s fiscal policy fine-tuning—would make economic cycles obsolete. Rather it describes IT-
related changes in the organization of production and distribution, and in the composition of employ-
ment, that lift the economy to a higher path of productivity growth—not only in periods of expansion
such as the one enjoyed by the U.S. economy in the late 1990s, but also in periods of slowdown. Thus,
by achieving atypically strong productivity growth since mid-2000, the U.S. economy may be showing us
how new economies behave in a slowdown.

Two years ago, Nobel Laureate Robert Solow suggested that he would feel better about the improve-
ment in productivity growth after it had survived its first recession. On these terms, the test of the new
economy is incomplete. But, as DE2002 shows, despite the economic difficulties and growing skepti-
cism, the preliminary signs are encouraging.
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Chapter |

Setting the Stage:

The “New Economy” Endures
Despite Reduced IT Investment

Despite slow growth beginning in mid-2000, out-
right recession in 2001, and cutbacks in IT in-
vestment, the “new economy” appears alive and
well as we begin 2002. American businesses are
still expanding their use of Information Technology
(IT), the economy’s productivity growth has re-
mained robust and supported strong real wage
gains for those employed, and inflation has been
tame.

This Digital Economy report follows in the tradi-
tion of previous reports and focuses on the role of
ITin the wider economy. This first chapter focuses
on recent developments and what they may sug-
gest for the new economy. Placing the 2001 de-
cline in IT investment into perspective, the chapter
finds that:

® the currentlevel of IT investment still exceeds
the levels prior to 2000;

® the IT capital stock continues to grow;

® businesses increased IT service employment
to harness the benefits of IT investments in
2001; and

* [T has supported exceptional productivity
gains despite the economy’s slowdown and
recession.

The chapter also notes that IT production ap-
peared to be stabilizing by the end of 2001. The
continued price declines and high rate of obsoles-
cence for IT products are widely expected to gener-
ate a rebound in IT investment in 2002.

*Mr. Price is Deputy Under Secretary of Commerce for Economic Af-
fairs, and Mr. McKittrick is an economist in the Office of Economic
Conditions, Economics and Statistics Administration.

DISTRESS OF IT-PRODUCING
COMPANIES

For most of the last decade, spending on infor-
mation processing equipment and software grew
much more rapidly than other types of investment.
With the slowdown in the economy that began in
2000, profits and cash flow have fallen, and busi-
nesses have reduced investment. Although invest-
ment in other equipment had turned down by mid-
2000, IT investment continued to grow through the
end of 2000. In 2001, however, businesses cut
back more aggressively on IT spending than on non-
IT equipment. In just four quarters, nominal IT in-
vestment was slashed by 16 percent, with software
investment down 3 percent; but computers and
peripherals were down 29 percent (Figure 1.1).

Figure 1.1
NET CASH FLOW AND INVESTMENT
IN EQUIPMENT AND SOFTWARE
Billions of dollars, Annual rate
1,200 600
Other equipment,
right scale
1,000 - Net cash flow, ) <4500
leftscale . o e 2
800 =" e -| 400
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In the second half of the 1990s, production of IT
equipment was growing at a torrid pace. By 1995,
real output was expanding at an annual rate of 40
percent, a pace that continued for several years.
After surging in late 1999 and early 2000, produc-
tion of IT equipment decelerated for much of 2000,
stopped growing, and was falling at a 20+ percent
rate in the spring and summer of 2001. Despite
the negative effects of September 11 and contin-
ued decline in production of telecommunications
equipment, overall IT production grew at a 3.1 per-
cent rate between September and December. (Fig-
ure 1.2)

The dollar value of IT shipments fell even more
steeply (because of falling IT goods prices) for most
of 2001, but also appeared to be stabilizing late in
the year. After reaching a four-month plateau at
the end of 2000 of more than $440 billion at an
annual rate, IT shipments plunged by 25 percent
over nine months to a new three month plateau
ending in November 2001 at barely a $330 billion
rate. Further indication that the IT goods sector
was stabilizing comes from the data on new orders
for information technology goods. New orders,
which led shipments on the way up in 1999 and
2000 and again on the way down in 2001, bounced
back in October and November to virtually the same
level as shipments (Figure 1.3).

The drop-off in shipments presented producers
of IT equipment with severe inventory problems in
2001 (Figure 1.4). Although inventories were ris-
ing for much of 2000, they presented little cause
for concern because shipments were rising just as
quickly. While nominal shipments peaked in De-
cember, inventory levels continued to grow through
February. Inventory levels were cut sharply from
March to November 2001, but shipments fell even
faster through August. As a result, the inventory to
shipments ratio has turned down only since Sep-
tember (Figure 1.5).

Experts point to several factors to account for
the wide swings in IT equipment activity in recent
years. On the up side of the IT spending roller-
coaster, corporate IT budgets were ramped up in
the late 1990s to address Y2K risks. Meanwhile,
new firms emerged with commercial Internet strat-
egies based on heavy IT spending and found ample
funding from venture capital firms and the NASDAQ.
Traditional firms stepped up investment in IT as a
competitive response to the cost-cutting success



Page 3

Figure 1.5
INVENTORY/SALES
INFORMATION TECHNOLOGY
Months
2.0 2.0
18 4118
16 416
14 - 114
12 Liviiunnnnny Liveviianins Liviiinnnins Liveviiiinns Livvvivnnins Liviiunnnny 12
1996 1997 1998 1999 2000 2001

of some traditional firms deploying computer net-
works (e.g., Walmart, General Electric) as well as
the market inroads of some Internet based firms in
securities trading and book retailing. Excessively
optimistic projections of growth in Internet traffic
induced massive investments in telecommunica-
tions infrastructure.

The downward slide in IT investment spending
in 2001 reflects not only the cash flow problems
that have pulled down U.S. investment spending
generally, but also several IT specific factors. Both
new venture capital funding (discussed in Chapter
2) and the NASDAQ have retreated sharply since
the first half of 2000, spawning and expanding far
fewer IT-intensive businesses. As the Internet-

Figure 1.6
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based business model has met difficulties with prof-
itability and market share, the spur to traditional
businesses’ IT investments has waned. Substan-
tial overcapacity in large segments of telecommu-
nications infrastructure has induced large reduc-
tions in spending on communications equipment.
Finally, some financially healthy firms have decided
to trim IT investment from levels that they have con-
cluded were excessive and not contributing suffi-
ciently to profitability.

DISTRESS FOR IT PRODUCERS
NOT CONFINED TO U.S.

The retrenchment in IT production has occurred
globally. Indeed, international trade figures pro-
vided one of the first indications of the worldwide
downturn in IT equipment production. After the
1997-1998 Asian crisis abated, both imports and
exports of IT equipment (semiconductors, comput-
ers and peripheral equipment, and telecommuni-
cations equipment) rose sharply for two years. On
a seasonally adjusted basis, both exports and im-
ports peaked in the three months ended in Octo-
ber 2000. Over the following 12 months, U.S. IT
exports dropped by $50 billion and imports by $68
billion (both at annual rates). Both have declined
by more than 30 percent. (Figure 1.6) U.S. ex-
ports equalled more than one third of IT produc-
ers’ shipments in late 2000, and the export decline
equalled almost half of the shipments decline dur-
ing 2001. The export drop also reflects the weak-
ness of foreign IT activity. By the same token, the
large drop in U.S. imports has been a major set-
back for foreign IT production and contributed to
economic slowdown and recession abroad.

The most timely IT production-related measures
—real GDP, the Fed’s industrial production, the Cen-
sus Bureau’s shipments and new orders, exports
and imports—tell a consistent story of steep de-
clines for most of 2001, but relative stability by the
fall. The more forward looking data, those on new
orders for IT producers, are also promising.

IT’S EXPANDING ROLE IN THE ECONOMY
With prices falling, the plunge in IT producers’
revenues gives a very misleading picture of the role
that IT still plays in the overall U.S. economy.* For

1 For a better perspective on the wider role of IT in the economy,
we must use “real” or inflation adjusted dollars (although nominal
dollars better capture the difficult financial straits of IT producing
industries).
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Figure 1.7
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example, in the fourth quarter of 2001 businesses
spent $80.4 billion on computers and peripheral
equipment, 20 percent less than in the first quar-
ter of 2000. Because prices declined by 30 per-
cent over that same period, however, businesses
actually acquired 14 percent more equipment in
2001:Q4 than seven quarters earlier. Although
computer and peripheral manufacturers would
have preferred not to make such deep price cuts,
others can take heart in the economy’s higher real
computer investment.

The level of U.S. real investment in IT soared at
a 20 percent annual rate from the end of 1995 to
the end of 2000. Even though real IT investment
dropped 10.7 percent over the course of 200I, the
level for the fourth quarter of 2001 remained higher
than at any time prior to early 2000. Even if IT
investment continued to fall at the same pace in
the fourth quarter, total IT investment for 2001
would still total just 3 percent less than 2000 and
16 percent more than 1999 (Figure 1.7).

The steep growth of IT investment through 2000
translated into a rapidly growing net capital stock
of IT equipment and software (Figure 1.8). The net
IT capital stock accelerated in the 1990s, reaching
double-digit rates by 1997 and a 14 percent rate in
2000, much higher than the growth rate for the
stock of non IT equipment. Even though the level
of IT investment has dropped in 2001 (Figure 1.9),
it has remained above any plausible amount of de-
preciation. As a result, the net IT capital stock con-
tinued to expand in 2001.

In sum, U.S. businesses have trimmed their
spending on new IT equipment and software, but
have not cut back their use of IT capital. With prices
falling, the real volume of IT acquisitions has fallen
much less than nominal spending. In addition, the
level of spending on IT equipment had reached such
a high level by late 2000 that there was consider-
able room to reduce spending and still add to the
net IT capital stock.

Further confirmation that IT continues to play a
widening role in the current U.S. economy comes
from the data for employment in industries that
provide IT services. Employment both in telecom-
munications services and in computer software and
services grew vigorously until the recession began
in March 2001 and have remained relatively flat
since then. Over the entire 12 months of 2001,
however, as employment dropped 1.4 percent in
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the total private sector, employment gained 0.5
percent in telecom services and 1.4 percentin com-
puter software and services (Figure 1.10).

PROSPECTS FOR IT REBOUND IN 2002

The convergence of the lines for IT investment
and depreciation in Figure 1.9 has encouraged
many economic forecasters to project a rebound in
IT investment (and therefore overall investment) in
2002. If IT investment were to continue declining
at the 2001 rate, it would fall below the estimated
rate of depreciation some time in 2002. Because
many types of IT equipment tend to be replaced
every three or four years, the annual depreciation
rate on the IT capital stock is estimated between a
quarter and a third. Economic forecasters expect
that this replacement cycle will soon kick in for many
companies that will want to maintain their IT capi-
tal stock. Some experts believe that businesses
are finding that the IT equipment is not becoming
obsolete as rapidly as a few years ago and they are
stretching out their replacement cycle, say from 3
to 3-1/2 or 4 years. If, and to the extent that, the
replacement cycle has been extended, the rebound
in IT investment will be later and flatter.

The overall performance of the U.S. economy in
the medium term hinges to a large extent on the
rate at which the net IT capital stock will grow. Will
it resume the double digit growth rate of the late
1990s, slip back to the 7 percent rate typical of
the early 1990s, or slow to the even more modest
pace typical of non-IT capital in the last decade?

As Chapter 3 and 4 of this report and previous re-
ports in the Digital Economy series have docu-
mented, IT has played an outsized role in overall
U.S. economic performance, in terms of its own
output and economy-wide productivity growth.

IT SUPPORTS A NEW ECONOMY
OF FASTER PRODUCTIVITY GAINS

The central feature of the "new economy" has
been a higher growth rate of productivity, which in
turn has brought faster gains in our standards of
living. The upturn of productivity in the second half
of the 1990s marked the arrival of a "new economy."
(See Figure 1.11.) Productivity improved by an av-
erage 2.8 percent per year from 1948 to 1973 but
slowed to a 1.4 percent rate for the next 22 years.
Had productivity maintained its 1947-73 pace over
the next 22 years, real incomes would have been
one third higher in 1995. Fortunately, productivity
has accelerated to a 2.4 percent pace since 1995
and real incomes have grown faster than at any
time in a generation.

The last two years of sluggish growth and reces-
sion have disproved several predictions about the
"new economy." On the one hand, it has dashed
some optimists' exuberant hopes that "new
economy" would not only raise productivity but also
eliminate the swings in business cycle and equity
prices. On the other hand, recent experience has
also proven wrong the pessimists who predicted
the evaporation of productivity gains when the
economy slowed, but much less than normal for a

Figure 1.10
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period of such economic weakness. Productivity
gained 2.7 percent per year from the end of 1995
through mid-2000, but has still maintained a 1.5
percent pace in the five subsequent quarters when
output grew at an average 0.7 percent pace. Out-
put of the nonfarm business sector declined in both
the second and third quarters of 2001. Those two
quarters marked the first episode in more than 50
years that productivity change remained positive
when non-farm business output growth first turned
negative for two consecutive quarters (Figure 1.12).
The productivity growth rate of +1.9 percent for the
two quarters marks by far the best recessionary
performance since 1948-49.

Much of the improvement in productivity gains
since 1995 appears tied to greater use of informa-
tion technology and associated organizational
change. Several macroeconomic studies have con-
cluded that IT contributed most of the step-up in
productivity growth since 1995.2

Occupational employment data also show the tie
of IT to productivity gains. Investment in IT with

2 See Chapter 3 of Digital Economy 2000 for an examination of
those studies. Two of those studies have recently been updated and
extended, both raising earlier estimates of the contribution of IT. See
Dale W. Jorgenson, Mun S. Ho, Kevin J. Stiroh, "Projecting Productiv-
ity Growth: Lessons from the U.S. Growth Resurgence," dated De-
cember 31, 2000; Stephen D. Oliner and Daniel E Sichel, “Informa-
tion Technology and Productivity: Where Are We Now and Where Are
We Going?” mimeo dated January 7, 2002. Both documents were
presented to a conference on "Technology, Growth, and the Labor
Market," sponsored by the Federal Reserve Bank of Atlanta and Geor-
gia State University, on January 7, 2002. See http://
www.frbatlanta.org/news/conferen/techconference.htm.

Figure 1.12
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complementary organizational change can raise the
productivity of many types of workers, but the most
substantial effect should occur among clerical jobs.
Since clerical work involves producing, storing, and
distributing information, IT can directly substitute
for clerical jobs. In 1989, there were 15.4 million
clerical jobs® and 101.9 million other jobs. Over
the next ten years, national output rose 34.3 per-
cent and, because of productivity gains, total em-
ployment rose 15.3 percent. As non-clerical jobs
grew 18.8 percent, clerical jobs actually declined
by 8.4 percent. If clerical jobs had grown at the
same rate as all other jobs, they would have grown
to 18.3 million instead of shrinking to 14.1 million.
As a rough approximation, if the productivity gains
associated with clerical jobs had been the same
as all other jobs instead of accelerated by the sub-
stitution by IT, national productivity gains over the
decade would have been 0.3 percent per year lower.

Finally, productivity gains directly related to IT
investment are also found at the industry level.
Chapter 4 of this report presents evidence that
more |T-intensive industries have contributed dis-
proportionately to productivity gains since 1995.
In addition, two recent studies using establishment
level data, one on the retail industry and the other
on manufacturing, both found evidence of notable
productivity gains associated with IT investment.

CONCLUSION

Although 2001 has been a very difficult year for
companies that produce information technology
products, conditions appear to have stabilized and
2002 looks more promising. IT plays an expand-
ing and positive role in the U.S. economy. Analysis
of recent economic data for IT leads to the follow-
ing more specific conclusions:

® As businesses suffered declining profits and
cash flow in the last two years, they sharply

3 This category includes all occupations defined as "administra-
tive support, including clerical" with the exception of occupations
that require personal relationships such as receptionists, interview-
ers, insurance adjusters, and teachers' aides.

4Mark Doms, Ron Jarmin, and Shawn Klimek, "IT Investment and
Firm Performance in U.S. Retail Trade," November 2000, mimeo,
Center for Economic Studies, U.S. Bureau of the Census. B.K. Atrostic
and Sang V. Nguyen, "Computer Networks and U.S. Manufacturing
Plant Productivity: New Evidence from the CNUS Data," CES Discus-
sion Paper In Economics, CES-WP-02-01 (January, 2002), Center for
Economic Studies, U.S. Bureau of the Census.
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cut back their investment spending, including
that on IT equipment and software.

Revenues and profits of companies produc-
ing IT equipment were hit by falling prices and
rising inventories in addition to shrinking real
demand.

The collapse of both exports and imports of
IT equipment indicate that other countries
have joined in the downturn of the U.S. IT in-
dustry.

The most recent measures for production,
shipments, new orders, exports, and imports
all indicate that conditions for IT producers are
stabilizing.

U.S. businesses are nonetheless expanding
their use of IT in operations: with IT invest-
ment in 2001 far surpassing every year prior
to 2000, the IT capital stock continued to grow
in 2001, and employment in the service in-
dustries that implement IT (telecommunica-
tions and computer and software services)
grew in 2001.

® The link between IT and productivity is con-
firmed by employment declines in clerical oc-
cupations most readily substitutable by IT.

® The continued contribution of IT to improved
productivity gains is suggested by the remark-
able productivity gains of the last year despite
the weakness of the economy.

Although the “new economy” continues to de-
liver strong productivity results, it has not created
an immunity from the ups and downs of either the
business cycle or the equity markets. The economy
appears to be enjoying the productivity benefits of
prior years’ investments in IT and reorganization.
Those productivity gains have buoyed remarkable
real wage gains during a recession, but not profits.
IT investment will probably remain subdued for a
few more quarters until profits and cash flow im-
prove. When a recovery does take hold and profits
improve, IT investment should resume growth, pro-
pelled by the need to replace obsolete IT capital
stock with a new generation of more powerful and
less expensive hardware and software.
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Chapter Il

The Evolving Online Environment

Despite the current recession, migration to the
online world continues. More and more indi-
viduals, businesses, and government agencies are
using network technologies to connect with each
other in an ever-growing number of ways for an ever-
expanding number of purposes. However, as is the
case with most major technological advances,
progress is occurring neither smoothly nor along
paths envisioned by the original developers. This
past year has been marked by extreme turmoil
among Internet-related businesses even as the
Internet itself has continued to expand far beyond
its roots as a tool for sharing research data. It has
become a multipurpose, multimedia communica-
tions tool serving many different personal and busi-
ness needs.

Many businesses have only begun to exploit their
IT investments by moving their business processes
online and the network economies associated with
the Internet’s growing ubiquity should continue to
increase its value to users of all types. Moreover,
the rapid rate of innovation in network technology
witnessed over the latter half of the 1990s appears
to be enduring. Taken together, this evidence sug-
gests that major opportunities remain for network-
ing technologies to continue to affect our economy
and lifestyles.

RECENT CHANGES

The current economic environment is a difficult
one for many U.S. businesses, and Internet busi-
nesses are no exception. Many online or “dot-com”

“Ms. Buckley is a senior policy advisor and Ms. Montes is an econo-
mist in the Office of Policy Development, Economics and Statistics
Administration.

companies have failed or have had to scale back
operations significantly. The amount of online com-
mercial activity conducted by both individuals and
businesses remains at levels significantly below
those predicted by market researchers in recent
years. Investors have responded to the change in
outlook: the extraordinarily high stock valuations
and massive inflows of venture capital that became
commonplace in the late 1990s have dissipated.

Some early observers thought that online ver-
sions of businesses would quickly replace their real-
world, “bricks and mortar” counterparts. Sales
outlets, in particular, were thought to be at risk from
online sellers able to provide wider selections at
lower prices. Traditional providers of products and
services that could be delivered digitally were also
thought to be in danger of competitive extinction—
why buy a paper magazine if an online magazine
could provide custom content on demand. Trans-
actions between firms also were expected to be
transformed as purchases and sales of even the
most sophisticated products were revolutionized by
instantaneous access to worldwide markets and
auction pricing. Nothing approaching these de-
grees of transformation has yet occurred.

Like Mark Twain’s famous demise, however, re-
cent skepticism about the e-economy has been
greatly exaggerated. Despite the large number of
dot.com closures that occurred in 2001, this type
of business is not in danger of disappearing.
Rather, these businesses continue to adjust to the
realities of the markets in which they operate. And,
although the pace may be slower than widely pre-
dicted not very long ago, businesses of all types
are still increasing their use of IT and the Internet.
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Dot-Com Shakeout some formal funding from venture capitalists, an-
Online businesses are a very diverse group, op- gel investors or other investors to be in the range
erating in a wide variety of sectors, including retail- of 7,000 to 10,000. Given this base, Webmergers
ing, publishing, wholesaling, education, health, and estimates that “at most, ten percent of significant
business services. Some of these dot-coms have internet companies have shutdown or declared
only an online presence, but others are online bankruptcy.”®
branches of traditional companies. Although mea- Another indication of the relative impact of the
sures of dot-com activity are difficult to develop for dot-com failures is the effect on jobs. Until its own
several reasons, * some private groups are attempt- demise in September 2001, the Industry Standard
ing to track the current shakeout. Webmergers.com tracked layoffs stemming both from dot-com fail-
estimates that 762 “substantial” Internet firms shut ures and staff cuts at continuing dot-coms and at
down in the two-year period between January 2000 the Internet divisions of primarily off-line compa-
and December 2001.2 As shown in Figure 2.1, the nies and found that, as of July 26, 2001, there were
number of Internet business failures was substan- 134,727 dot-com-related employees laid off since

tially higher in the later half of the period. However December 1999 from 902 companies.* Though
ese layoffs on affected workers is

the figure also indicates that the pace of shutdowns the impact of th
slowed markedly in the later half of 2001. significant, the effect on the U.S. economy at large
Even with these shutdowns, however, a large is relatively limited. The Bureau of Labor Statistics
number of online businesses remain. Webmergers estimates that,
claims that a conservative estimate of the total week filed new unemployment claims in 2000.° Fur-
number of Internet companies that have received ther, many laid-off dot-com employees have been
successful in finding new jobs.
1 Not every Internet address with a “dot-com” suffix is a sepa- According to the PricewaterhouseCoo pers

rable business. Many are business home pages that are integrated

parts of existing firms and are not viewed by their operators as sepa- Mon eyTree Su

on average, 301,800 people per

rvey done in partnership with

rate business units. Also dot-coms are not limited to online busi- VentureOne, the amount of venture capital invested
nesses with the suffix “com”. The suffix “net” and the new suffix
“biz,” are also used to denote commercial sites. 3 |bid.

2 Webmergers.com counts as “substantial” all Internet compa- 4 The Industry Standard Layoff Tracker, July 26, 2001 (http://
nies that have received some formal outside funding from venture www.thestandard.com/tracker/layoffs).
capitalists or other investors. Webmergers.com, “Year End Shut- 5Both the Industry Standard number and the new Ul claims num-
downs Report: Shutdowns More than Doubled in 2001,”January ber can include specific individuals more than once.
2002. (http://www.webmergers.com/editorial/article.php?id=49). www.bls.gov).

Figure 2.1
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Figure 2.2
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in all types of businesses in 2000 was $68.8 bil-
lion, an 80 percent increase over investment in
1999. The year 2000 marked a high point in ven-
ture capital spending; and most of this spending
went to online companies (see Figure 2.2). These
Internet companies include the dot-coms, as well
as new companies that produce goods and services
that make e-businesses processes possible. The
proportion of funds raised by these companies grew
substantially after 1996. That year, Internet firms
accounted for 30 percent of dollars raised by ven-
ture-backed companies; by 2000, the proportion
had risen to 83 percent.®

Annual numbers for 2000 were very strong. The
$56.9 billion of financing raised by venture-backed

6 See VentureOne, “Moderate slowdown in Fourth Quarter Ven-

Internet companies in 2000 is equivalent to over
10 percent of total business investment on IT equip-
ment and software economy-wide in 2000. How-
ever, the first quarter of 2000 marked the begin-
ning of a slowdown. Figure 2.3 shows that this slow-
down has been sharp. According to
PricewaterhouseCoopers and VentureOne, venture-

ture Investment Tempered by Increases in Biotechnology and Internet
Infrastructure,” Press Release, February 6, 2001. VentureOne’s pub-
lished US venture data comprises only venture-backed companies—
those receiving at least one round of financing involving a US-based,
professional, institutional venture capital firm, the division of an in-
vestment bank, or firm dedicated to venture financing. VentureOne
does not track the investments of SBICs or angel investors.
VentureOne does track the investments of corporations or corporate
venture capitalists, as well as the interest of entrepreneurial compa-
nies in corporate partnerships. (http://www.vl.com/press

40QPR.pdf).

Billions
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Figure 2.4
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backed companies raised less money in the third
quarter of 2001 than in any period since the first
quarter of 1999 and the proportion of those funds
going to Internet-related companies fell to 68 per-
cent.” (It should be noted, however, that the amount
of venture capital invested in 1999 was higher than
the total invested in the prior three years combined,
with most of that increase due to investments in
Internet-related startups.)

The majority of Internet-related venture capital
has not gone to the electronic commerce sites that
received much of the publicity during the heyday of
dot-com mania. Rather, these funds were invested
in firms that provide goods and services to other
firms—traditional as well as other Internet busi-
nesses. Although the sector distribution of venture
financing has shifted from the peak in the first quar-
ter of 2000 to the most recent quarter available
(third quarter 2001), as shown in Figure 2.4, the
fact remains that very little venture capital invest-
ment was ever made in electronic commerce firms.

Hurdles Facing Online Businesses
To date, the Internet has been far less success-
ful as a transaction medium than many early ob-
servers thought it would be. Online sales, whether

7 VentureOne press release, “Venture Capital Continues Steady
Decline in Q3 2001,” October 31, 2001. (http://www.v1l.com).

to individuals or between businesses, remain at
relatively low levels in most industries. The slower
than expected take-up could, and perhaps should,
be viewed as an indication of the hurdles facing
organizations when they attempt to incorporate a
powerful new technological tool into personal, busi-
ness, and government processes.

Online Sales in Perspective. Current data show that
although an ever-growing number of Americans are
using the Internet, their online purchases remain
only a small percent of their total purchases. For
the eight quarters during which the Census Bureau
has been tracking the growth in e-commerce sales
by retail sales establishments, the proportion of to-
tal retail sales accounted for by e-commerce has
remained very small—at roughly one percent of to-
tal retail sales.®

These data show that online sales grew from
$5.2 billion in the fourth quarter of 1999 to $8.9
billion in the fourth quarter of 2000, an increase of
67 percent. However, by the third quarter of 2001,

8 E-commerce sales by retail establishments are only one part of
the business-to-consumer online sales. Not included in these esti-
mates are other types of consumer purchases made by nonretail
establishments, such as airline tickets and online brokerage services.
E-commerce sales are collected from the seller and not categorized
by type of buyer. Retail sales estimates therefore include sales made
by retail establishments to parties such as small businesses in addi-
tion to purchases by individuals.
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online sales of retail firms had declined to $7.5 bil-
lion. Since these online sales had not kept up with
retail in general, the proportion of retail accounted
for by online sales dropped slightly from a high of
1.1 percent during the fourth quarter 2000 to 0.9
percent in the third quarter of 2001.°

Although they provide a very up-to-date account-
ing of retail e-commerce, these quarterly statistics
deal with only a portion of the economy engaged in
electronic commerce. Data derived from the Cen-
sus Bureau’s 1999 annual surveys provide more
complete coverage. Released in March 2001, the
E-Stats report covers establishments operating in
the manufacturing, merchant wholesales, retail,
and selected services industries. As shown in Fig-
ure 2.5, 1999 e-commerce transactions accounted
for a relatively substantial portion of total shipments
by manufacturers (12.0 percent) and total sales by
wholesale merchants (5.4 percent). These are in-
dustries that predominantly sell to other busi-
nesses. The sectors where individual purchasers
play the larger role, retailers and selected service
providers, have much lower proportions of e-com-
merce transactions (0.5 percent and 0.6 percent,
respectively).l® Taken together, these data provide
evidence of uneven, though widespread e-com-
merce uptake.

Online sales to individuals remain at levels low
enough to explain why some of the dot-coms’ tar-
geting individuals failed—the market is not large
enough to support the number of competitors that
arose. However, the relatively high percentage of
e-commerce undertaken in the manufacturing and
merchant wholesalers categories translates into
significant dollar amounts ($486 billion and $134
billion, respectively). Why then have dot-com fail-
ures in firms targeting the business-to-business
market also been widespread? Part of the reason
may be that much of the volume of online business
transactions does not use third-party Internet in-
termediaries. Rather they are transactions con-
ducted on closed proprietary networked systems
that occur between parties that have an established
relationship.

E-commerce is particularly widespread among
those manufacturing and merchant wholesale in-
dustries that have well-established histories of buy-
ing and selling electronically, most particularly the
transportation equipment manufacturers (NAICS
336) where online shipments comprise 21 percent
of total shipments, and drugs and druggists’ sun-
dries (NAICS 4222) where online sales accounted
for one-third of total sales. (See http://
www.census.gov/estats.) These two industries are

9 U.S. Bureau of the Census, United States Department of Com-
merce News, November 28, 2001, http://www.census.gov/mrts
www/current.htmi.

10 Data on manufacturers were collected on a special supple-
ment to the Annual Survey of Manufactures and are only available
for 1999. Data on wholesale merchants, retail establishments and
services were collected for 1998 and 1999 by adding an additional
question to established annual surveys for 2000. Total and e-com-

merce estimates from the various survey programs are not additive
because they are not collected on the same basis: Estimates for
manufacturing are based on shipments; estimates for wholesale
merchants and retailers are based on sales; and estimates for ser-
vices are based on revenues. These data, including industry detail
for each of the four sectors, can be found in the March 2001 E-Stats,
a publication of the Commerce Department’s Bureau of the Census.
http://www.census.gov/estats.

Figure 2.5
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examples of industries that have been trading
online using electronic data interchange (EDI) sys-
tems over value-added networks for decades—well
before the beginning of the commercialization of
the Internet in 1995. And for many of the firms in
these industries, EDI, not the Internet, remains the
predominant e-commerce network.

Until recently, technical and cost considerations
had generally limited e-commerce (particularly EDI
e-commerce) to large volume trade within estab-
lished supplier/customer relationships. The
Internet, however, by providing a low cost, secur-
able platform, makes e-commerce a possibility for
many firms, including those in industries catego-
rized by small sales to individuals. Figure 2.6 shows
the well-established position of EDI, as well as the
growing role of the Internet in manufacturing.
Among those manufacturing plants that place or
receive orders online, EDI accounts for the major-
ity of the dollar value of shipments—67 percent of
the dollar value of orders accepted online and 65
percent of the value of the orders placed online.
However, when one considers online transactions
by the percentage of plants that use a particular
network, the role of the Internet becomes more
prominent—32 percent of plants use the Internet
to accept online orders and 73 percent of plants
use the Internet to place online orders. These data
are consistent with the notion of well-established,
high-dollar volume EDI relationships particularly
among larger plants and a growing interest among

plants of all sizes in using the Internet as a sales or
purchasing channel even though the dollar value
of such transactions is currently small.

Finding a Business Model. “Too few customers”
only tells part of the story. There are reasons that
individuals and businesses have not flocked to
online sales sites. Some Web sites were difficult
to use, had high cost, were subject to delivery de-
lays, or made it hard to return merchandise. Some
sites also failed because they could not get cus-
tomers to change their behavior. For example, the
model used by online grocery stores required cus-
tomers to plan ahead rather than choosing and
buying groceries on an as needed basis. People,
however, have shown themselves reluctant to
change their buying habits. Other dot-coms, such
as those that hoped to support themselves through
subscriptions, have found consumers very reluc-
tant to pay fees. As a result, most non-sales sites
have had to rely on advertising revenue. Online
content sites (e.g., media, portal, information, and
publisher sites), in particular, are dependent on ad-
vertising revenues. The most important means for
generating revenue among these sites is through
paid links (i.e., a button or click-through to adver-
tiser sites) and e-commerce store hosting fees. This

11 U.S. Bureau of the Census, E-Stats: Manufacturing 1999 and
mid-2000, June 8, 2001. http://www/cemsis/gov/estats. To ob-
tain the percent of shipment values, the manufacturing plants in-
cluded in the survey were asked what type of network was the pri-
mary network for making each type of transaction and the total value
of all their online transactions were attributed to that network.
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type of arrangement is subject to domino effects,
particularly since many of the advertisers have been
other dot-com companies.

In some areas, however, the new online business
models have proved to be successful, offering seri-
ous challenge to traditional providers. Online tick-
eting of travel, for example, is among the largest
volume e-commerce segments, with e-commerce
revenues of $5.3 billion or just over 20 percent of
total revenues in 1999.%2 Early online entrants in
this category, such as Travelocity.com, and
Expedia.com, quickly gained market share from tra-
ditional travel agencies. More recently, however,
these early online entrants are being challenged
by the airlines themselves, both directly and through
the jointly owned Orbitz.com. Estimates by Media
Metrix indicate that Web sites owned by the airlines
are gaining new visitors faster than online travel
agencies, thereby narrowing the lead of the online
travel agencies. Between February 2000 and Feb-
ruary 2001, individual visitors to airline Web sites
increased 26.1 percent, from 8.2 million to 10.4
million, while visitors to online travel agencies in-
creased 7 percent, from 14.4 million to 15.4 mil-
lion.*®> While only a portion of these site visits re-
sult in ticket sales (visitors may also be checking
flight arrival and departure information or just “win-
dow shopping”), this increase indicates that the po-
tential pool of online ticket purchasers has in-
creased substantially.

In other industries, the ultimate impact of online
businesses on the industries in which they operate
is less certain. While Napster was able to attract a
large audience to its music-sharing site when the
service was free, it is less certain if or when a suf-
ficient base of paying customers will emerge to
support a fee-based service.

AN INCREASINGLY NETWORKED WORLD

In spite of the difficulties and uncertainties as-
sociated with technological change, individuals and
businesses are continuing to move activities online.
Having become nearly ubiquitous, the Internet has
changed from a technological curiosity to an every-
day necessity for a growing number of individuals.

12U.S. Bureau of the Census, United States Department of Com-
merce, E-Stats, March 2001. http://www.census.gov/eos/www/pa-
pers/estatstables.pdf.

13 Jupiter Media Metrix, “Airline Web Sties Pose Threat to Online
Travel Agencies,” Press Release, April 4, 2001. http://www.jup.com,
company/pressrelease.jsp?doc=pr010404.

Firms in all industries are facing a new competitive
reality—one in which the capabilities of IT, particu-
larly network technology, either have already af-
fected or have the potential to affect important fac-
ets of almost every business. Furthermore, avail-
able evidence suggests that the technological tools
that IT users have come to rely on will continue to
get better, faster, and cheaper.

Continued Growth of Internet Use
by Individuals

The proportion of individuals in the United States
using the Internet rose by one-third between De-
cember 1998 and August 2000, from 32.7 percent
to 44.4 percent. If that trend held, over 50 percent
of the U.S. population currently uses the Internet.
As shown in Figure 2.7, the increase was evident
across all age groups. The increase is also evident
across other demographic and economic dimen-
sions, such as race, ethnicity, income, and educa-
tion.** Nor is the Internet a uniquely U.S. phenom-
enon. As shown in Figure 2.8, several countries in
the European Union have higher Internet access
rates than the United States.

The pervasiveness of growth in Internet use re-
flects the diversity of activities that can now occur
over this important medium. As shown in Figure
2.9, people are engaging in a growing array of online
activities. E-mail was the most prevalent online
activity of individuals, and on a percentage point
basis, the fastest growing. E-commerce activity
played a small, albeit growing role as the propor-
tion of the U.S. population that shops or pays bills
online doubled between December 1998 and Au-
gust 2000.

These data taken together with anecdotal evi-
dence support the notion that the Internet is be-
coming an integral part of many people’s day-to-
day lives. Some of the activities undertaken online
are timesavers. Renewing a driver’s license or car
registration online saves a trip to the Department
of Motor Vehicles. Online banking provides a faster
alternative to check writing. Others types of activi-
ties are improved qualitatively, in addition to being
provided more quickly in an online world. Online
travel services can provide a variety of pricing and
timing options unavailable offline and users can
check out destinations that they otherwise would

14 U.S. Department of Commerce, Falling Through the Net: To-
ward Digital Inclusion, October 2000. http.//www.esa.doc.gov.
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not have considered. Online news services can be
quickly searched to find articles of interest. Wed-
ding pictures can be circulated instantaneously to
friends and family. Traffic information can be
checked before starting the commute home.
Other online activities create entirely new possi-
bilities. The Massachusetts Institute of Technol-
ogy recently launched a ten-year initiative to create
public Web sites for almost all of its 2,000 courses.

The school plans to post all related class materials
including lecture notes, problem sets, syllabuses,
exams, simulations, and even video lectures.®®
Since this program does not provide access to in-
structors, labs, or diplomas, it will never be the
equivalent of actually attending MIT, but it will of-

15 Carey Goldberg, “Auditing Classes at M.L.T., on the Web and
Free,” The New York Times, April 4, 2001. http://www.nytimes.com.
The MIT case is discussed more fully below in Chapter VII.

Percent
70%

Figure 2.8

INTERNET USERS AS A PERCENT OF THE POPULATION
EUROPEAN UNION COUNTRIES AND THE UNITED STATES

(15 Years AND OLDER)

58.1%
60%
] 53.6% %
6 533%
47.9% 4719

50% 1+

40% 1

39.8% 39.7%

30% H -
20% |
10% |

v
SL1% 900 29.2%
26,6

1 24.5%

225% 2139

0%

X

Economic and Statistics Administration.

Q Q S o Q Q>
¥ GOSN & & 5 © &
) & > X 3 <0 S o
6$ OQ’Q Q:é\é\\ Q\Q w ,@66 R *}&\Q @ o &\o
< \><\\ & O

Note: EU country estimates are for February 2001 and US estimates are for August 2000.
Source: European Union, http://europa.eu.int/information_society/eeurope/index_en.htm and U.S. Department of Commerce,




Page 17

Figure 2.9
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fer anyone with Internet access, anywhere in the
world, the opportunity to obtain the basics of a
world-class education.

The Internet is even becoming integrated into ev-
eryday activities in ways that do not require all par-
ticipants to be Internet users. For example, some
little league baseball teams have team information
officers who manage web sites that track sched-
ules, scores, and rankings. While viewing that in-
formation requires Internet access, coaches can
also use the system to place automated telephone
calls to all players and track telephone responses.
These and other new applications will be further
supported by technology still under development.

Networked Businesses: More Than
Online Sales

The Census Bureau’s E-Stats data presented
earlier painted a picture of uneven e-commerce
uptake. However, the prospect of increased effi-
ciency, lower costs, improved customer service, and
global reach has caused most businesses at least
to consider how networking tools, such as the
Internet, could be used to increase their competi-
tiveness.

Network technologies are not only enablers of
new sales and purchasing channels; they can be
used to improve a variety of business processes.
Another report from the Census Bureau considered

online processes in manufacturing plants.*® This
report, based on a mid-2000 survey, found that
almost 90 percent of the respondent plants had
some type of computer network in place at the plant
and over 80 percent indicated, specifically, that they
had Internet access. However, even though a large
majority of plants had computer networks, only 31
percent of those plants (representing 41 percent
of employment) reported accepting orders online
and only 34 percent (representing 48 percent of
employment), reported making online purchases.
Only 16 percent of reporting plants both accepted
orders and made online purchases, while 49 per-
cent did neither.

Among plants responding to the E-Stats survey,
the most often-reported e-business process was e-
mail. Over three-fourths of reporting plants used
e-mail to communicate with vendors and custom-
ers, while 70 percent used e-mail for employee com-
munications within the plant. Smaller numbers of
respondents used other e-business processes, for
example, 19.2 percent reported providing online
support to customers and 7.1 percent reported en-
gaging in online bidding. Other e-business pro-
cesses covered in the June 2001 E-stats report in-
cluded, on the sales side, 11.1 percent of respond-
ing plants received online payments and 19.2 per-

16 U.S. Bureau of the Census, E-Stats: Manufacturing 1999 and
mid-2000, June 8, 2001. http://www/cemsis/gov/estats.
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cent provided online sales support, and on the buy-
ing side, 8.6 percent made online payments and
7.1 percent engaged in online bidding.

The fact that e-business process use in manu-
facturing plants is not yet widespread suggest that
firms are still in the early stages of exploiting the
potential of network technologies. Several factors
may help to explain why online business processes
are not yet widely used in manufacturing plants.
Some companies interested in purchasing online
may find that their vendors are not yet online or
those wishing to sell online may find that their cus-
tomers are not ready to make a switch to that way
of doing business. However, many corporate pur-
chases, particularly purchases of mission critical
or custom components, rely on long-standing rela-
tionships. There is a degree of trust and a record
of dependability that may have been built up over
a period of years that purchasing managers are
reluctant to abandon.

Finally, moving even a portion of purchasing
online is not costless. Purchasing activities must
be integrated with the firm’s other internal elec-
tronic activities. The learning curve may be steep
and training cost considerable. Nonetheless, com-
petitive pressures will likely drive greater volume
to this trading channel if companies continue to
see savings from online purchasing. Reported sav-
ings are considerable. For example, Raytheon Com-
pany, a manufacturer of electronics and aviation
equipment, reported savings of 25 percent on $100
million worth of goods purchased at three online
auctions. However, not all participants in online
marketplaces are as satisfied. In one recent sur-
vey, only 10 percent of companies participating in
online exchanges felt that the exchanges had met
their expectations. In general, participants agreed
that organizational changes, such as standardiz-
ing and developing new procedures, improving and
introducing new technology systems and introduc-
ing integration technology, are needed to capture
benefits from exchanges.*®

Shifting other business processes online, such
as warehouse management systems, bring addi-
tional upfront costs and concerns as companies

17 Bob Tedeschi, “E-=Commerce Report: Companies in No Hurry to
Buy Over the Internet,” The New York Times, March 5, 2001. http://
www.nytimes.com.

18 Giga Information Group/Booz Allen Hamilton Study: B2B Ex-
changes Not Yet Delivering Benefits, News Release, November 19,
2001. http://www.Gigaweb.com.

cope, not only with integrating their various systems
internally, but integrating systems between compa-
nies. While technology may one day make this in-
tegration process easier and cheaper, at present
interface difficulties remains a major barrier to firms
realizing the full benefits of electronic business pro-
cesses.?®

Continued Technological Innovation

The foundation technologies of the digital
economy—processing power, data storage, and data
transmission—are dramatically more powerful now
than they were only a decade ago. Furthermore,
all evidence suggests that the rate of increase in
the raw capabilities of these technologijes will con-
tinue. However, today’s online activities do not com-
pletely tap the capabilities of today’s IT tools. Slow
Internet connection speeds for many businesses
and individuals are a particular bottleneck.

Technological Foundations. As shown in Fig-
ure 2.10, processing power has doubled roughly
every 18 months. This has resulted in super com-
puters and personal computers with processing
power that is orders of magnitude greater than com-
puters manufactured only a few decades ago.
There is, however, no guarantee that this rapid
growth in processing power will continue. As the
number of transistor per chip grows, chip making
becomes technically more difficult and more expen-
sive. However, industry participants are working
towards new chip production processes based on
new lithography technologies that would keep costs
down and enable the continuation of today’s pro-
cessing power trends.?°

In the meantime, researchers have begun de-
veloping a techniques to get more computing power
out of existing resources. For example, “grid” or
“distributed” computing take advantage of unused
processing power across various computer net-
works, such as an office computer network or even
from across the Internet. In grid computing, a cen-
tral computer parses a problem into discrete com-
ponents and distributes the computational work
over and array of networked computers. Each of

19 James Aaron Cooke, “Making the Right Connections,” Logis-
tics Management & Distribution Report from Logistics Online, Febru-
ary 2001. http//www.manufacturing.net/magazine/logistic/ar-
chives/2001/Im0201.01/Im0201system.htm.

20 Gary Stix, “Getting More for Moore’s Law,” Scientific Ameri-
can, April 2001 (www.sciam.com/2001/0401issue
0401innovations.html)
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Figure 2.10
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the networked computers computes its portion of
the project and sends the completed work back to
the main computer. The result is massive total pro-
cessing power achieved not through better hard-
ware, but through software coordination of exist-
ing hardware. The Departments of Defense and En-
ergy, the National Science Foundation (NSF), and
the National Aeronautics and Space Administration
are each financing grid projects.?* The NSF granted
$53 million to fund TerraGrid, a “grid” computing
project that will link four U.S. supercomputer sites.??

In the longer term, quantum computing—using
circuits created out of individual molecules—has the
potential to yield advances in processing power that
dramatically exceeds what is possible today. If re-
alized these molecular-scale processors would en-
able the development of computers capable of ad-
dressing computational problems that are, for all
practical purposes, unsolvable using current tech-
nologies.?® Even in today’s environment where in-
vestors are skeptical of technology investments,
quantum computing and other nanotechnology re-
search appears to be drawing investment money.?

Transmission speeds are also on the rise. Trans-
mission speeds over fiber optical cable have been

21 Steve Lohr, “.B.M. Making a Commitment to Next Phase of the
Internet,” New York Times, August 2, 2001.

22 Jeffrey Benner, “A Grid of Supercomputers, Wired News, August
99,2001 (www.wired.com/news/business
0,1367,45977,00.htmI?tw=wn20010810).

23 “Quantum Dreams,” The Economist, March 7, 2001
(www.economist.com).

24 “The Smaller the Better,” The Economist, June 21, 2001
(www.economist.com/science/taq
displayStory.cfm?Story ID=662220).

doubling every 12 months. French and Japanese
companies have each announced experimental
results in which they transmitted more than 10 tril-
lion bits per second through a single optical fiber.?®
Researchers are also working on developing all-op-
tical networks, which would even further increase
transmission speeds by eliminating the current re-
quirement of converting optical signals to electronic
signals to route them.?®

Advances in digital data storage technologies
have taken place concurrently with those in data
processing and communications technologjes. Disk
capacities have been doubling every nine months.?’
As in the case of processing power, these advances
have also come at decreasing costs. The price per
megabyte for hard-disk drives fell from $11.54 in
1988 to $0.04 in 1998, and an estimated $0.01
in 2000.2(Figure 2.11) There also has been a pro-
liferation of inexpensive and portable consumer-
oriented digital data storage technologies. ?°

Overcoming the Broadband Bottleneck. While the
transmission speed of communications technolo-
gies, such as fiber optics, is increasing, these high-

25 Jeff Hecht, “Fiber Crosses the 10-Trillion-Bit Barrier,” Technol-
ogy Review, March 27, 2001 (http://www.technologyreview.com/ar-
ticles/hecht032701.asp).

26 peter Heywood, “Optical Networking In Five Easy Pieces, Busi-
ness Communications Review, May 2000.

27 Jon William Toigo, Avoiding a Data Crunch, Scientific American,
May 2000,

(http.//www.sciam.com/2000/0500issue/0500toig.html).

28 Correspondence with James N. Porter, Disk Trend, on October
1, 2001.

29 Michael Marriott, “In the Storage Race, Will Consumers Win?”
The New York Times, April, 5, 2001.
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Figure 2.11
DRAMATIC DECLINES IN THE COST OF DIGITAL DATA STORAGE
ILLUSTRATED BY FALLING AVERAGE COST PER MEGABYTE
IN HARD DISK DRIVES
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speed technologies are not distributed throughout
the networking infrastructure. This creates trans-
mission bottlenecks.

The most dramatic advances in transmission ca-
pacity can be seen in long-haul infrastructure, which
is largely constructed using fiber optic cable. Be-
cause of the costs associated with installation,
however, fiber is generally not used in the “last-mile”
connections to homes and businesses.*° In time,
fiber may be used to bridge the last-mile. Today,
however, communications companies are trying to
provide higher bandwidth communications by up-
grading existing infrastructure.® Most home and
businesses already have at least one communica-
tions line that can be upgraded to provided high-
speed Internet access. Atthe close of 2000, there
were 5.2 million residential and small business sub-
scribers to high-speed communications lines in the
United States.*

30 A few communications companies have instituted trials of “fi-
ber to the curb” and “fiber to the home” in new housing develop-
ments.

31 The diffusion of broadband depends largely on the communi-
cations section—a sector that is fundamental to the Internet and the
IT-driven changes that are underway and a sector that is being
wracked by both these new forces and the current economic slow-
down.

32 Federal Communications Commission, “Federal Communica-
tions Commission Releases Data on High-Speed Services for Internet
Access,” Press Release, August 9, 2001 (http://www.fcc.gov/Bu-
reaus/Common_Carrier/News_Releases/2001/nrcc0133.txt).

In addition, broadband wireless communica-
tions—e.g. satellite and “fixed-wireless” technolo-
gies, such as LMDS (Local Multipoint Distribution
Service) and MMDS (Multipoint Microwave Distri-
bution System)—can substitute for broadband home
access. Communications companies are also de-
veloping broader bandwidth wireless networks for
mobile use.

Wireless communications networks, however,
have bottleneck problems of their own. At present,
wireless data applications are relatively rudimen-
tary because most wireless networks still operated
at low bandwidths. Today’s fastest wireless (“sec-
ond generation wireless”) data transfer rates are
about 14 Kb/sec or four times slower that the av-
erage dial-up connection.>

Although there have been many press reports
about the “third generation” (3G) wireless, promis-
ing speeds as much as 150 times faster than cur-
rent data rates, the combination of a slow economy
and the technological complexity of 3G has caused
many communications companies to delay their 3G
deployment plans. Faster wireless bandwidth will
ultimately be deployed, but 3G has been tempo-
rarily set aside for interim technologies that exploit
the existing wireless infrastructure.

33 “Sprint Leads Evolution to 3G with Nation’s Clearest, Fastest,
Most Economical Migration Strategy, “PR Newswire, March 20, 2001.
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Outstanding Policy Issues

Adopting network technologies has proved more
challenging then many observers originally thought.
Not only have businesses, governments, and indi-
viduals had to cope with rapidly changing technol-
ogy, uncertain business models, and shifting eco-
nomic conditions, but a variety of public policy con-
cerns have proved difficult to address.

One of these is privacy. In order to provide ser-
vice to customers, online businesses must be able
track the customer at least from the point at which
the customer signals they want to make a purchase.
Privacy concerns focus on the uses of that customer
information beyond the point of that immediate
need.

Businesses operating online also face special-
ized variants of consumer concerns in the area of
security, authentication, and fraud. Security (e.g.,
protecting credit card numbers from misuse) and
authentication (e.g. verification of a seller’'s iden-
tity) are concerns that are being addressed by a
combination of encryption technologies and legis-
lation, such as the consumer consent provision of
the Electronic Signatures in Global and National
Commerce Act (ESIGN). Fraud, in particular, re-
mains a source of concern—particularly Internet
auction fraud, which has accounted for 64 percent
of all Internet fraud reported to the Internet Fraud
Complaint Center (IFCC).3*

CONCLUSION

As the 1990s closed, the marketplace was lit-
tered with failed ideas related to the provision of
some good or service over the Internet. Some were
unsustainable business plans—there was no way

to generate enough revenue to cover costs, much
less make a profit. Others did not pass the test of
the market—business and consumers simply did
not want or need the products and services at the
price offered. Today, the environment is much more
cautious and there is a great deal of uncertainty
about what businesses and consumers do on the
Internet, what products and services they want, and
what they will be willing to pay for them. The con-
tinual barrage of reports on Internet use and opin-
ion surveys attests to the effort underway to divine
the Internet’s future.

The digital technology revolution has not ended,
but the costs of change are easier to see. The up-
take of technologies has been slower and more
uneven than expected as businesses sift through
a myriad of options to find IT solutions suited to
their needs. Numbers of dot.com companies have
closed their doors; but many more remain.

If we consider the history of other technological
revolutions, none of this should be a surprise. Of
nearly 1,000 U.S. companies that tried to build and
sell gas-powered automobiles before 1927, only
200 survived long enough to bring a commercially
suitable vehicle to market.*® Of these, fewer than
a handful operate today, but they account for a sub-
stantial share of a much larger economy. The les-
son is that technological revolutions take time, and
the digital technology revolution has barely begun.
Throughout the current economic slowdown and
retrenchment in the dot.com sector, U.S. compa-
nies have expanded their use of IT and networking
technologies in a continuing search for competitive
advantage. More slowly than we might have pre-
dicted, but no less relentlessly, these efforts are
transforming our economy and our lives.

34 The Internet Fraud Complaint Center “Internet Auction Fraud,”
May 2001. The IFCC is a partnership between the Federal Bureau of
Investigation (FBI) and the National White Collar Crime Center (NW3C).
(http://www.ifccfbi.gov/strategy/pressroom.asp).

35 | awrence H. Seltzer, A Financial History of the American Autoas
cited in General Motors, “Competition and the Motor Vehicle Indus-
try,” a Study submitted to Subcommittee on Antitrust and Monopoly
ofthe Committee on the Judiciary of the United States, April 10, 1974.
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Chapter il

Information Technology
Industries in the New Economy

he second half of 2000 marked a turning point

in recent U.S. economic experience. GDP
growth decelerated sharply from 4 percent (an-
nualized) in the first half of 2000, to 1-1/2 per-
cent in the second half of that year. In the third
quarter of 2001, for the first time since 1992,
the U.S. economy began to decline.

Though the speed of these events was surpris-
ing, economists had long anticipated a slowdown
and suggested that its arrival would test broadly
held notions about the long-term strength of the
digital economy. In March 2000, Nobel Laureate
Robert Solow observed that he would “feel bet-
ter about the endurance of the productivity im-
provement after it [had survived] its first reces-
sion.”?

This chapter is written during, rather than af-
ter a recession, and in the wake of an event that
has deeply clouded the nation’s near-term eco-
nomic future. In the midst of uncertainty, the
chapter’s method is to seek clues about the way
ahead by looking carefully at the way we have
come. Simply put, its question is what can the
last seven quarters of economic experience tell
us about effects of IT on America’s long-term eco-
nomic strength?

The chapter looks particularly at recent changes
in industry contributions to U.S. economic growth,

*Mr. Henry is a senior industry analyst and Mr. Dalton is an
economist in the Office of Business and Industrial Analysis, Of-
fice of Policy Development, Economics and Statistics Administra-
tion.

1 Louis Uchitelle quotes Solow in “Productivity Finally Shows the
Impact of Computers,” New York Times, New York, March 12,
2000.

recent developments in the composition of invest-
ment, and changing patterns of private sector
R&D. It finds that IT-producing industries contin-
ued in 2000, as in prior years, to contribute dis-
proportionately to overall economic growth. At
the same time, sharply declining business demand
for IT capital equipment and software accounted
for much of the slowdown in overall growth that
began in mid 2000.

Strength in IT-producing industries, however,
is only one indicator of a new economy.?2 A sec-
ond measure is the diffusion and increasingly pro-
ductive use of IT goods and services both inside
and outside the IT producing sector. Here, events
of the last 2 years give reasons for optimism.
While the rate of IT investment has fallen sharply,
American businesses are still adding to the nation’s
IT capital stock. Moreover, businesses are con-
tinuing to deploy more products and services
(e.g., software and computer services) that can
facilitate productive use of the IT hardware that
has already been installed.

Together with the analyses in other chapters
(especially Chapter IV on the contributions of non-
IT producing industries to accelerated productiv-
ity growth), these findings suggest that even in
this period of cyclical slowdown, U.S. industries

2 We define the “new economy” as an economy in which IT and
related investments drive higher rates of productivity growth.
U.S. experience in the late-1990s suggests that new economies
are capable of long periods of rapid growth with low inflation and
low unemployment. Events since July 2000 indicate that IT-re-
lated changes in the organization of production and the compo-
sition of employment also support atypically high rates of pro-
ductivity growth in periods of economic slowdown.
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are continuing to discover and exploit IT's pro-
ductive potential and to create the foundations
of a structurally stronger economy.

In this chapter and throughout the report, IT-
producing industries are defined as producers of
goods and services that support IT-enabled busi-
ness practices and processes across the economy,
as well as the Internet and e-commerce. (The
Appendix to Chapter 3 includes a more complete
discussion of this definition.) The industries meet-
ing these criteria are listed below. (Box 3.1.)

The chapter is divided into three major sec-
tions—the first examines output growth in the IT-
producing sector during 2000 and its relation to
the performance of the rest of the economy; the
second looks at categories of demand for IT goods
and services for the seven quarters ending in
September 2001 (i.e., patterns of business in-
vestment, but also consumer and government
purchases of IT goods and services); and the third

considers recent changes in the composition of
corporate R&D.

OUTPUT GROWTH
IN IT PRODUCING INDUSTRIES
AND IT’S RELATIONSHIP TO THE ECONOMY
AT LARGE 1996-2000

IT Industries’ Contribution
to Economic Growth—1996-2000

In nominal and real (inflation adjusted) dollars,
output® from IT-producing industries as a group
continued to grow at double-digjt rates in 2000.
(Tables 3.1 and 3.2) Growth was particularly
strong in software and services, and communica-
tions equipment.

3 Qutput as measured by its Gross Product Originating (GPO).
GPO equals an industry’s total output less the cost of goods and
services used to produce it. See the Appendix for a more de-
tailed explanation of GPO and why it is used here.

Hardware Industries
Computers and equipment
Wholesale trade of computers and equipment
Retail trade of computers and equipment
Calculating and office machines
Magnetic and optical recording media
Electron tubes
Printed circuit boards
Semiconductors
Passive electronic components
Industrial instruments for measurement
Instruments for measuring electricity
Laboratory analytical instruments

Communications Equipment Industries
Household audio and video equipment
Telephone and telegraph equipment
Radio and TV communications equipment

producing sectors.

Box 3.1

INFORMATION TECHNOLOGY PRODUCING INDUSTRIES

* Although Radio and TV broadcasting industries were included as IT-producing industries in prior Digital Economy
publications, they are not included in this report because they are now considered "content" providers, not IT infrastructure

Software/Services Industries
Computer programming services
Prepackaged software

Wholesale trade of software

Retail trade of software
Computer-integrated system design
Computer processing, data preparation
Information retrieval services
Computer services management
Computer rental and leasing
Computer maintenance and repair
Computer related services, nec

Communications Services Industries
Telephone and telegraph communications
Cable and other TV services
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Adjusted for inflation, output growth in IT-pro-
ducing industries in 2000 was nearly 20 percent—
roughly the same rate as in the previous four
years. (Table 3.2) Growth in communications
equipment jumped to almost 29 percent—near
its 1997 peak. Growth in IT hardware, though
down from its peak in 1998, remained exception-
ally strong (28 percent).

During 2000, despite the overall economic
slowdown, businesses continued to build real net
capital stocks* of information processing equip-
ment and software at about the same rate as in
the prior four years. (Table 3.3) However, this
aggregate stability masked a considerable shift

4 Real net capital stock equals the value of installed capital,
plus new investment, minus depreciation.

in the composition of investment. Growth in the
net stock of computer capital slowed dramatically,
while additions to the net stock of software con-
tinued at about the same rate as in 1999, and
additions to the net stock of communications
equipment sharply accelerated. (Analysis in Chap-
ter | indicates that U.S. businesses continued to
add to net IT capital stocks in 2001, though at a
much slower rate.)

In 2000, IT-producing industries continued as
in 1996-99 to play an important role in economic
growth. During 1996-99, when the economy grew
by an average 4 percent, the IT-producing sector,
which accounted for an average annual 7 per-
cent of GDP, grew by an average 22 percent per
year (in inflation adjusted dollars), and was re-
sponsible for an average 29 percent of the

TABLE 3.1: IT-PRODUCING INDUSTRIES, BY SECTOR:
GROSS PRODUCT ORIGINATING (GPO)
1996 1997 1998 1999 2000
($Billions)

Total 522.0 588.4 646.9 718.2 796.6
Hardware 171.1 197.5 210.9 225.4 251.7
Software and services 131.5 153.9 185.6 214.0 245.7
Communications equipment 32.4 43.9 46.7 51.4 61.5
Communications services 186.9 193.2 203.7 227.4 237.8

(Annual Change — Percent)

Total 10.8 12.7 9.9 11.0 10.9
Hardware 10.1 15.4 6.7 6.9 11.7
Software and services 18.1 17.0 20.6 15.3 14.8
Communications equipment 5.4 35.3 6.4 10.1 19.6
Communications services 7.8 3.4 5.4 11.6 4.6
Source: ESA estimates derived from BEA and Census data.

TABLE 3.2: IT-PRODUCING INDUSTRIES, BY SECTOR:
REAL GPO GROWTH
1996 1997 1998 1999 2000
(percent)

Total IT-producing 22.7 20.0 24.7 20.7 18.5
Hardware 46.9 43.4 50.4 32.4 28.1
Software and services 13.6 6.1 24.2 12.0 13.5
Communications equipment 24.0 35.3 23.2 19.7 28.8
Communications services 9.4 2.6 9.4 18.0 11.9
Source: ESA estimates derived from BEA and Census data.
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TABLE 3.3: NET STOCKS
OF INFORMATION PROCESSING EQUIPMENT AND SOFTWARE

| 1996 | 1997 | 1998

1999 | 2000 |

Information processing equipment
and software
Computers and equipment
Software
Communication equipment
Instruments
Information processing equipment
and software
Computers and equipment
Software
Communication equipment
Instruments

(Billions of chained

1996) dollars)

906.0 1,010.8 1,141.7 1,287.2 1,464.8
101.5 144.5 204.4 284.7 307.0
173.7 201.9 238.1 275.2 315.2
363.8 393.0 430.2 478.5 549.4
175.0 182.1 191.4 200.7 209.8
(percent change)

10 12 13 13 14
39 42 41 39 8
12 16 18 16 15

7 8 10 11 15

5 4 5 5 5

Source: Bureau of Economic Analysis

country’s overall real economic growth. In 2000,
when the economy also grew rapidly, the IT-pro-
ducing sector, now 8 percent of GDP, grew by 19
percent and accounted for 26 percent of real
economic growth. (Table 3.4)

IT Investment Spending
in the Current Economic Slowdown

Experience since the beginning of 2001 sug-
gests that the dynamism of IT-producing indus-
tries is double-edged. Just as the extraordinary
growth in these industries made their share of
overall growth much larger than their share of the
economy in the period before December 2000,
so rapidly slowing demand for IT capital goods has
contributed substantially to economic weakness
in 2001. (Table 3.5) During the first three quar-
ters of 2001, for the first time in a decade, re-
ductions in business spending on information pro-
cessing equipment and software had a negative
effect on economic growth.® Because real infor-
mation processing (IP) business spending was es-

5 This chapter’s analysis of annual data through 2000 has
used total U.S. IT industry output sold to business, government,
consumers, and export markets. To examine 2001, however,
because industry output data are not yet available, we must turn
to current quarterly data on U.S. business investment spending.
These data are the best available proxy for current trends in the
U.S. IT industry, but have important limitations: they not only
exclude government and consumers, but also business spending
on intermediate IT inputs; they also include imports for business
investment and exclude exports. Nonetheless, because U.S. busi-
ness spending for investment represents the largest single mar-
ket for IT producers’ output, it provides a useful indication of the
importance of IT in 2001.

sentially unchanged between the third and fourth
quarter of 2001, it made no contribution up or
down to growth in the fourth quarter.

DEMAND FOR IT GOODS AND SERVICES
THROUGH THE THIRD QUARTER OF 2001

Business Investment

Despite slowing output growth and slower
growth in business investment overall, business
spending on information processing equipment
and software continued to grow at double-digit
rates through end of 2000. In the first quarter
of 2001, however, demand for IT equipment and
software turned sharply negative, declining by 14
percent (at an annual rate). This was the first
decline in business spending for IT equipment
since mid-1990 when such spending declined at
a 4 percent annual rate and quickly recovered.
Business investment for IT equipment and soft-
ware continued to decline at double-digit annual
rates in the second and third quarters of 2001,
before flattening in the fourth quarter. (Table 3.6)

Nonetheless, because IT spending remained
strong through the end of 2000, unlike other in-
vestment, IT investment contributed more than
four-fiftths of the 11-percent growth in total real
U.S. equipment and software spending for 2000
as a whole. (Table 3.7)

The decline in business investment in the first
three quarters of 2001 was led by a precipitous
drop in IP business investment. (Table 3.8) The
stabilization of real IP business investment in the



TABLE 3.4: CONTRIBUTION TO REAL ECONOMIC GROWTH

1996 1997 1998 1999 2000
(1) Changes in Real (Percent)
Gross Domestic Income* 35 4.5 5.0 4.5 4.7
(Percentage Points)
(2) IT Contribution 1.1 11 15 1.2 1.2
(3) All Other Industries 2.4 3.4 35 3.3 3.5
(4) IT Share of (Percentage Share)
GDI change (2)/(1) 32 25 29 28 26

*GDlI is equal to the income that originates from the production of goods and services in the U.S.

Sources:

ESA estimates derived from BEA and Census data.

TABLE 3.5: BUSINESS SPENDING
ON INFORMATION PROCESSING EQUIPMENT AND SOFTWARE:
CONTRIBUTION TO GDP GROWTH

(Annualized rates)

2000 2001
QL | Q2 Q3 | o4 QL | Q2 ] Q3 | o4
(1) Change in real (Percent Change)
Gross Domestic Product 2.3 5.7 13 1.9 13 0.3 -1.3 0.2
(Percentage Points)
(2) Business spending on information
processing equipment and software (IPE&S 1.2 0.9 0.6 0.6 -0.6 -1.0 -0.5 0.0
(3) All other spending in the economy 1.1 4.8 0.7 13 19 1.2 -0.8 0.2
(4) IPE&S share of (Percentage Share)
GDP change (2)/(1) 52 16 46 32 -46 -333 38 0
Source: ESA calculations using BEA data.
TABLE 3.6: REAL BUSINESS SPENDING ON EQUIPMENT AND SOFTWARE
(2000-2001, by Quarter)
2000 2001
QL | Q2 T o3 T 04 Q1 Q2 ] 03 [ o4
(Billions of chained (1996) dollars)

Total Equipment and software 1,058.3 1,089.6 1,102.3 1,099.3 1,087.7 1,043.2 1,019.4 1,005.9
IT Equipment and Software 573.6 601.5 621.0 641.8 620.9 588.1 572.1 572.9
Industrial Equipment 159.0 160.5 165.1 165.6 170.7 161.2 151.3 146.7
Transportation Equipment 200.6 200.8 193.2 176.2 177.4 174.4 174.0 171.8
Other 141.8 146.7 146.1 1441 143.3 1411 142.3 137.1

(percent annualized change from previous quarter)

Total Equipment and software 18.1 12.4 4.7 -1.1 -4.2 -15.4 9.1 -5.3
IT Equipment and Software 31.3 20.9 13.6 14.1 -12.4 -19.5 -10.9 0.6
Industrial Equipment 28.3 3.8 12.0 1.2 12.9 -20.5 -22.4 -12.2
Transportation Equipment -4.3 0.4 -14.3 -30.8 2.8 -6.6 -0.9 -0.2
Other 5.5 14.6 -1.6 -5.4 -2.2 -6.0 3.4 -14.6

Source: Bureau of Economic Analysis
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fourth quarter resulted from a hefty rebound in
computers offset by continued weakness in com-
munications equipment.

Demand for IT
Other Than Business Investment

In assessing demand for IT, it is important to
note that data for business spending for infor-
mation processing equipment and software cap-
ture only expenditures counted as investment.
They do not encompass business spending for
intermediate IT goods and services (e.g., commu-
nications services), consumer spending, govern-
ment consumption, and international trade.
These other sources of demand for IT goods and
services are substantial.

In 2000, business investment in IT equipment
and software totaled $467 billion. In addition,
we estimate that businesses spent a further $258
billion on communications services, which are not
counted as investments. (Table 3.9) Consumers
spent another $165 billion on computers and
communication services and government spent
about $20 billion. Imports of IT goods and ser-
vices exceeded exports by about $76 billion. (See
Chapter VI.)

Moreover, in contrast to business investment,
personal and government consumption of IT-
goods and services tend to be relatively constant.
During the first three quarters of 2001, while
business expenditures for information process-
ing equipment and software declined, personal

TABLE 3.7: CONTRIBUTION OF IT EQUIPMENT AND SOFTWARE*
TO GROWTH IN CAPITAL EQUIPMENT AND SOFTWARE SPENDING
1996 1997 1998 1999 2000 2001

(1) Change in real spending (Percent)
for capital equipment 11.0 13.3 14.6 11.8 11.7 -14.0

(2) Contribution of real spending (Percentage Points)
on IT equipment 7.6 9.1 9.7 7.8 9.5 -4.9

(3) Contribution from all other types
of capital equipment 3.4 4.2 4.9 4.0 2.2 9.1

(4) IT contribution to the change in (Percent)
real capital equipment spending 68.7 68.4 66.6 66.4 814 34.7

*Defined by BEA as information processing and related equipment
Source: Bureau of Economic Analysis
TABLE 3.8: REAL BUSINESS SPENDING ON INFORMATION PROCESSING
EQUIPMENT AND SOFTWARE, BY TYPE
2000 2001
QL ] Q2 ]| 03 ]| Q4 Q1 Q2 | 03 ] 04
(Billions of chained (1996) dollars)

Total IT Equipment and Software 573.6 601.5 621.0 641.8 620.9 588.1 572.1 572.9
Computers/peripheral equipment 253.9 284.5 305.2 317.6 314.4 287.3 265.7 289.2
Software 181.0 183.5 189.7 196.0 192.9 1911 193.1 191.3
Communication equipment 124.2 131.5 132.2 137.7 122.6 107.4 99.7 94.6

(percent annualized change from previous quarter)

Total IT Equipment and Software 31.3 20.9 13.6 14.1 -12.4 -19.5 -11.8 0.5
Computers/peripheral equipment 43.9 57.6 324 17.3 -4.0 -30.3 -30.1 35.4
Software 14.4 5.6 14.2 14.0 -6.2 -3.7 4.2 -3.7
Communication equipment 25.7 2.1 17.7 -37.2 -41.1 -25.7 -18.9

Source: Bureau of Economic Analysis
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demand and government consumption of IT goods
and services remained quite stable, increasing in
each case by 1 to 2 percent. In addition, while
data on business spending for expensed IT goods

and services (e.g., communications and computer
services other than software) are not available,
this spending tends to be less discretionary and,
therefore, also more stable than investment

TABLE 3.9: SPENDING FOR IT GOODS AND SERVICES*, 2000

Major Activity 2000
($billions)
Business Investment 466
Business spending on communications 258**
Personal consumption 165
Government consumption 20
Exports 166
Imports 242

major activities in this table.

* Other than business investment and trade, spending by the other major activities do not encompass all spending
on IT, but are provided here to give a sense of the importance of other sources of IT demand.
** Intermediate industry demand is not counted as final demand in GDP and therefore, it cannot be added to other

Sources: ESA estimates using BEA data and University of Maryland INFORUM model results.

TABLE 3.10: COMPANY FUNDED R&D SPENDING

| 1007 | 1008 | 1009 | 2000 |1997-2000)
($hillions) (AA %*)
Total R&D, including Federal 212.4 226.9 244.1 264.2 7.5
All Industries 133.6 145.0 160.3 180.4 10.5
Manufacturing 101.2 102.2 99.9 110.8 3.2
Non-manufacturing 32.4 42.8 60.4 69.7 29.5
IT-Producing** 37.3 40.4 37.6 48.0 9.7
IT-Hardware 25.0 26.4 21.3 29.5 8.3
Computers 7.7 8.3 4.1 5.2 -5.3
Communication equipment 2.8 8.4 5.8 11.2 87.4
Semiconductors and electronic
components 14.0 9.1 10.6 12.8 0.7
Other electronics 0.5 0.6 0.8 0.3 -3.1
IT-Services** 12.3 13.9 16.3 18.5 14.6
Software publishing 7.2 9.2 10.9 12.6 20.6
Computer systems design 3.0 2.9 4.0 4.9 19.0
Telecommunications*** 2.1 1.8 1.4 1.0 -21.7
(percent)
IT-Producing Share of Industry R&D 28.0 28.0 23.4 26.6

*  Average annual percent change

*** Includes broadcasting

Source: National Science Foundation

**  Data collected using NAICS categories
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spending. (See Employment chapter that shows
IT service employment is much more stable than
IT goods employment.)

R&D SPENDING
IN THE NEW ECONOMY

During the 1990s, the surge in business invest-
ment in capital equipment was accompanied by
sharp increases in R&D investment in the
economy as a whole and IT-producing industries
in particular. Between 1994 and 20006¢, total
U.S. R&D investment grew at an annual average
inflation-adjusted rate of 6 percent, in contrast
to roughly 0.3 percent between 1988 and 1994.
Patents, another indicator of innovation, grew at
an annual rate of 8.6 percent after 1994, com-
pared with a sluggish growth rate of 1.2 percent
between 1988 and 1994.

Between 1997 and 2000, R&D spending by
IT-producing industries increased rapidly, account-
ing for an average 26 percent share of overall
private R&D spending. (Table 3.10) IT-related
R&D accounted for an indeterminate amount of
public R&D spending. Within the IT-sector, R&D
spending in IT hardware and IT services indus-
tries grew by 8.3 percent and 14.6 percent, re-
spectively.” This pattern mirrored changes in to-

6 R&D expenditures for 2000 are based on projections pub-
lished by the National Science Foundation. Actual data for total
R&D and industry are available only through 1999. Industry has
accounted for nearly all the growth in R&D since 1988, while the
Federal share has been declining, reaching a low point of 26
percent in 1999.

7 Part of the decline in R&D in the computer industry was due
to consolidation in the PC industry, with commodity-type produc-
ers gaining market share from integrated companies serving all
industry segments.

tal private R&D. During 1997-2000, total indus-
trial R&D surged at an annual rate of 10 percent,
with robust growth in non-manufacturing R&D
(29.5 percent) and slower growth (3.2 percent)
in manufacturing R&D.

Particularly strong growth in R&D occurred in
three IT-producing industries: communications
equipment, software publishing, and computer
systems design. Companies in both the computer
industry and the telecommunications services in-
dustry scaled back their R&D over this period.

NEAR-TERM PROSPECTS CLOUDED,
LONG-TERM PROSPECTS ENCOURAGING

In view of recent uncertainty, this chapter
makes no estimates of likely levels of output of
IT-producing industries for 2001 and beyond.
Even before the human tragedy and economic
shock of September 2001, the Administration,
the Congressional Budget Office, and a host of
respected private economic forecasters had been
revising downward their forecasts of GDP for
2001. The events of September have made it
more difficult to see the way ahead and to antici-
pate with any confidence the timing and strength
of a rebound in IT investment and production.

Nonetheless, preceding analysis shows that
despite the economic slowdown, U.S. industries
have continued to build the nation’s stock of IT
capital, to spend heavily on IT goods and services
that can make the installed base of IT hardware
increasingly productive, and to create as a result
the enduring foundation of a stronger economy.
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Chapter IV

Industry-Level Effects
of Information Technology Use
on Productivity and Inflation

In recent years, economists have carefully consid-
ered the productivity effects of massive U.S. in-
vestments in information technology (IT). Positive
IT impacts on productivity growth are now well es-
tablished at the macroeconomic and firm levels of
analysis.* However, evidence from the industry level
remains ambiguous.

This chapter examines the role of IT in reviving
and spreading productivity growth and in restrain-
ing inflation in the U.S. economy. “New economy”
skeptics continue to argue that strong productivity
growth over the past decade reflects highly con-
centrated gains in manufacturing durables—espe-
cially industries that produce computers and semi-
conductors—but not in industries that have invested
heavily in IT use.? In contrast, this chapter shows
that only 18 percent of the acceleration in produc-
tivity growth in the U.S. nonfarm business sector
from 1989-1995 to 1995-2000 came from manu-
facturing durables. It shows, moreover, that the IT-

“Mr. Dumagan is an economist in the Office of Business and Indus-
trial Analysis (OBIA), Office of Policy Development, Economics and
Statistics Administration. Mr. Gill is Director of OBIA.

1See U.S. Department of Commerce, Digital Economy 2000 (June
2000), Chapter 4, for an analysis of the macroeconomic, industry-
level, and firm-level impacts of IT on productivity. Also, see Chapter
3 for an analysis of the contributions of IT-producing industries.

2See the comments by Robert J. Gordon on Martin N. Baily and
Robert Z. Lawrence, "Do We Have a New E-conomy," presented at
the American Economic Association Meetings, New Orleans, LA (Janu-
ary 5, 2001). Gordon's written comments were handed out at the
meetings and Baily and Lawrence’s paper appeared in “Papers and
Proceedings of the One Hundred Thirteenth Annual Meeting of the
American Economic Association,” American Economic Review (May

intensive industries that helped accelerate produc-
tivity growth also helped hold down inflation.

The widespread dispersion of productivity growth
across major sectors of the economy suggests that
massive IT investments by U.S. industries are pro-
ducing positive and likely lasting changes in the
nation’s economic potential. These conclusions are
consistent with recent findings by other economists
concerning the widespread and lasting impacts of
IT on the revival of U.S. productivity growth.3

DATA AND METHODS

Decomposing Overall Productivity Growth
into Individual Industry Contributions

Studies of IT’s impacts on productivity at the
macroeconomic level generally use the growth ac-
counting framework. They first decompose aggre-
gate productivity growth into the contribution due
to capital deepening (growth in the capital-labor
ratio), the contribution due to multifactor produc-
tivity growth (technological advance not embedded
in the growth of capital and labor inputs), and the

3The findings in this chapter are consistent with those of recent
studies by Baily and Lawrence, ibid.; Kevin J. Stiroh, “Information
Technology and the U.S. Productivity Revival: What Do the Industry
Data Say?,” Federal Reserve Bank of New York, Staff Reports, no.
115 (January 2001); and Kevin J. Stiroh, “Investing in Information
Technology: Productivity Payoffs for U.S. Industries,” Federal Reserve
Bank of New York, Current Issues in Economics and Finance, vol. 7,
no. 6 (June 2001), pp. 1-6. Moreover, the methodology and empiri-
cal findings in this chapter are similar to those in the recent study by
McKinsey Global Institute, US Productivity Growth, 1995-2000, Wash-
ington, DC (October 2001).
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Box 4.1
COMPUTING AN INDIVIDUAL INDUSTRY’S CONTRIBUTION TO OVERALL PRODUCTIVITY GROWTH

In this analysis, the economy's overall productivity is the ratio of aggregate GDP to total FTE. Therefore, overall productivity growth
equals aggregate GDP growth minus total FTE growth. To illustrate an industry's contribution to this overall growth, suppose for simplicity
there are only two industries (A and B) in the economy for which we have the information shown in columns (1) to (4) of the following table:

oo Rieal Share of Mominal oo FTE Share of Contribution to Contribution ta Contribution to
GOP Growth Aogregate GOP Growth (Pct.) Tatal FTE Aogregate GDP Total FTE Orverall Prod. Growdh
(Pct.) Growegh (Pt PE) Growth (Pct. P (Pct. Pt
(1 (2) (3 (4 (1702 (34 [0 (2] - [(30 = (4]
Inclustry & 30 04 50 0z 1.2 1.0 0z
Inclustry B 4.0 g 35 0.5 24 25 0.4
Sum 1.0 1.0 36 348 0.2

In the above example, an industry's percentage point (Pct. Pt.) contribution to aggregate GDP growth is the percent (Pct.) growth of the
industry's own real GDP, column (1), multiplied by the industry's share (decimal) of nominal GDP, column (2). Similarly, an industry's
percentage point contribution to total FTE growth is the percent growth of the industry's own FTE, column (3), multiplied by the industry's
share of total FTE, column (4).

In turn, an industry's percentage point contribution to overall productivity growth equals its contribution to the aggregate GDP growth,
(1)x(2), minus its contribution to total FTE growth, (3)x(4). The percentage point contribution is 0.2 by industry A and -0.4 by industry B,
yielding a sum of -0.2 percent overall productivity growth.

If each industry is looked at in isolation, productivity growth equals the industry's own GDP growth, column (1), minus the industry's
own FTE growth, column (3). Thus, A's individual productivity growth equals 3.0 - 5.0 = -2.0 percent, a negative number which is opposite
to its positive 0.2 percentage points contribution to overall productivity growth. On the other hand, industry B's individual productivity
growth equals 4.0 - 3.5 =0.5 percent, a positive number which is opposite to its negative 0.4 percentage points contribution to overall
productivity growth.

It appears from the example that productivity trends in individual industries looked at in isolation are misleading indicators of the
direction of industry contributions to the trend in overall productivity. For this reason, this chapter proposes a decomposition of overall
productivity growth into exact contributions by individual industries as a more rigorous and accurate procedure for determining industry-
level sources of economy-wide productivity growth.

The above example conveys the essence of industry decomposition of overall productivity growth. What varies from case to case is the
determination of industry shares of aggregate GDP and of total FTE because this depends on the specific formula for determining aggre-
gate GDP and total FTE. In this analysis, aggregate GDP is computed using BEA's chain-type quantity index (based on the Fisher ideal
quantity index) and total FTE is the arithmetic sum of the FTE of each industry. The mathematical procedure for exact decomposition of
overall productivity growth into industry contributions is presented in detail in the appendix to this chapter. This decomposition ensures
that the sum of industry contributions exactly equals the overall growth. Contributions are, therefore, additive so that any industry group's

contribution is the sum of individual contributions of the industries belonging to the group.

contribution due to growth in labor quality. Then
they determine IT’s impacts by decomposing the
contribution of capital deepening into contributions
of IT capital and non-IT capital.*

The present analysis also adopts a growth ac-
counting framework. But in contrast to the above
macroeconomic studies where the focus is on the

4The percentage point contribution of IT capital deepening to pro-
ductivity growth is the product of the income share of IT capital and
the percent growth of the IT capital-labor ratio. Although the income
share of IT capital is still rather small, IT capital’s productivity growth
contribution has been significant because IT capital deepening ac-
counts for most of overall capital deepening during the last decade.
For more details and a summary of findings from recent major growth
accounting studies on the productivity impacts of IT, see U.S. De-
partment of Commerce, op.cit., Chapter 4.

contributions of technological advance and of the
growth in specific inputs (labor, IT capital, and non-
IT capital) to productivity growth, this study exam-
ines the contributions of individual industries to a
broad set of economic variables at the aggregate
level. Specifically, this study decomposes the
growth of aggregate gross domestic product (GDP),
total full time equivalent (FTE) workers, overall pro-
ductivity (GDP/FTE), and inflation into contributions
by individual industries. This industry-by-industry
approach provides building blocks for reviewing the
performance of individual industries, sectors or
selected groups of industries across time and
across industries.

We use BEA annual data for the period 1989-
2000 for 55 industries (2-digit SIC) in the U.S. pri-
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Box 4.2

COMPARING THIS STUDY WITH OTHER RECENT STUDIES ON IT'S ROLE IN U.S.
PRODUCTIVITY GROWTH ACCELERATION

This study decomposes overall productivity (aggregate GDP over total FTE) growth into the percentage point contributions of individual
industries (as illustrated in Box 1) for each year during 1989-2000. This entire period is then broken into two sub-periods, 1989-1995
and 1995-2000, and the simple averages of each industry's annual percentage point contributions are computed for each sub-period.
The difference between the 1995-2000 average and the 1989-1995 average is the industry's contribution to the acceleration (i.e.,
average overall growth during 1995-2000 less the average overall growth during 1989-1995) in overall productivity growth. IT's role in
this acceleration is assessed by classifying the industries into two groups, the more IT-intensive sub-group and the less IT-intensive sub-
group (see the next section in the main text for the IT-intensiveness criteria). Because the percentage point contributions above are
additive across industries, the sum of the contributions of the industries in each sub-group can be obtained and compared as a basis for
gauging IT's role in productivity growth acceleration.

Kevin J. Stiroh, op. cit., provides alternative methods for determining IT's productivity impacts both at the aggregate level (employing
separately a growth accounting framework, regression analysis, as well as production function estimation) and at the industry level,
implementing a decomposition of overall productivity growth into percentage point contributions of individual industries. Stiroh's decom-
position is conceptually similar to the decomposition framework of this chapter but for some differences. One is that he defines produc-
tivity as output per hour where output is a value-added measure, as it should be, for aggregate productivity but is either gross output (his
preferred definition) or value-added at the industry level. In contrast, in this chapter, productivity is defined as output per FTE where
output is a value-added (e.g., GDP) measure for both aggregate and industry level productivity. Our use of value-added is based on the
fact that value-added is, by definition, the industry's contribution to aggregate output. Moreover, the use of value-added at the industry
level makes the decomposition simpler because it does not involve intermediate inputs (which are included in industry gross output) that
cancel out anyway at the aggregate level.

Moreover, Stiroh assumes for simplicity a Tornqvist index underlying aggregate real output since this index enables a straightforward
decomposition of aggregate growth into individual industry contributions. This, however, leads to approximation errors because the
actual aggregate real (chained dollar) output is based on the Fisher index. Though small, these errors are completely avoidable by using
BEA's exact formula for a component's (e.g., an industry's) contribution to aggregate growth. This exact formula (see appendix) is used in
this study.

To assess IT's growth impacts in his decomposition framework, Stiroh classifies industries into IT-producing, IT-using, and others. IT-
using industries are those that have an "above-median value for the preferred IT-intensity indicator, the 1995 nominal IT share of capital
services." In contrast, IT-producing industries are not separated in this chapter but are part of the more IT-intensive group defined above.
On the whole, Stiroh's IT-producing and IT-using groups correspond to this chapter's more IT-intensive group and his "other industries"
correspond to the less IT-intensive group. Finally, he employs a similar framework for analyzing contributions to productivity growth
acceleration comparing average growth during 1987-1995 to that during 1995-2000.

Martin Neil Baily and Robert Z. Lawrence, op. cit., also assess at the industry level the role of IT in aggregate productivity growth.
However, they do not decompose aggregate productivity growth into industry-level contributions. Instead, they determine the acceleration
in productivity (an income-side measure of value-added per FTE) growth for each industry by the difference between an industry's average
productivity growth during 1995-2000 and the average during 1989-1995. Then they compare each industry's productivity growth accel-
eration to the overall (for all private industries) average productivity growth acceleration from 1989-1995 to 1995-2000. The role of IT is
then assessed by showing that those industries that are "intense IT users" (based on "IT spending relative to value added") generally have
higher individual productivity growth acceleration compared to the overall acceleration.

McKinsey Global Institute (MGl), op. cit., implemented a procedure similar to this chapter's framework for decomposing aggregate
productivity growth into industry contributions, albeit with some differences. One difference is that this chapter uses BEA's FTE for
employment while MGl uses BEA's "persons engaged in production." The other difference is that, as part of the decomposition of aggre-
gate productivity growth, this chapter uses BEA's exact formula for an industry's contribution to the growth of aggregate chained dollar
GDP while MGl uses an approximate formula (MG, op. cit., Exhibit A4, "Objectives & Approach"). Overall, this chapter's and MGl's empiri-
cal findings are quantitatively similar. Where this chapter and MGI diverge is on the interpretation of the results.

vate nonfarm business sector.® Because peak-to-
peak comparisons over business cycles help reduce
distortions associated with cyclical factors, we
choose 1989 as the starting year and 2000 as the
end year for our analysis. Both 1989 and 2000
are pre-peak years.

5In this chapter, nonfarm business sector industries include those
classified under mining, construction, manufacturing durables, manu-
facturing nondurables, transportation & public utilities, wholesale
trade, retail trade, finance and insurance, and services. Real estate
in the usual FIRE group of industries (consisting of finance, insur-
ance, and real estate) is excluded in the analysis because BEA data
on real estate GDP and FTE do not match each other. The reason is

In this chapter, overall productivity is defined as
GDP/FTE, the ratio of aggregate GDP to total FTE.
Thus, the overall productivity growth rate is the dif-
ference between the growth rate of aggregate GDP
and the growth rate of total FTE. And an industry’s
contribution to the overall productivity growth rate
is the difference between its contribution to the
aggregate GDP growth rate and its contribution to
the total FTE growth rate.® Box 4.1 illustrates the

that real estate GDP includes value-added from owner-occupied hous-
ing for which there is no corresponding employment.

%Ordinarily, “aggregate” and “total” are interpreted to mean the
same thing, an arithmetic sum. However, in this chapter, they are
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method used in this chapter to estimate each
industry’s contribution to the economy’s productiv-
ity growth.

Box 4.2 briefly compares the methods used in
this study with those used by Baily and Lawrence,
Stiroh, and McKinsey Global Institute (see footnote
3).

Determining the Role of IT
in Productivity Growth

To determine IT's impacts on productivity growth,
we ranked all industries based on the intensity in
their use of IT equipment (ITEQ), covering comput-
ers and peripheral equipment, software, and other
information processing equipment, per FTE. Then,
we computed the ratio between ITEQ per FTE in
each industry (industry ITEQ/industry FTE) and the
average ITEQ per FTE for all industries (total ITEQ/
total FTE).

In this analysis, an industry with a ratio exceed-
ing 1 is more IT-intensive than the overall average—
has above average ITEQ per FTE. Conversely, an
industry with a ratio below 1 is less IT-intensive than
the overall average—has below average ITEQ per
FTE.”

We ranked all industries in descending order of
IT intensity and divided them into a top-half group
(i.e., those relatively more IT-intensive industries
accounting for 50 percent of aggregate GDP) and
a bottom-half group (i.e., those relatively less IT-
intensive industries accounting for the remaining
50 percent of GDP). Industry rankings are pre-
sented in Table 4.1.

intended to convey different meanings because GDP is measured in
chained dollars and, thus, “aggregate” GDP is not arrived at by arith-
metic summation of the components, the chained dollar GDP of in-
dividual industries. BEA’s special procedure for aggregating chained
dollar components is described in Eugene P. Seskin and Robert P.
Parker, “A Guide to the NIPA’s,” Survey of Current Business, vol. 78
(March 1998), pp. 26-68. In contrast, “total” FTE is the arithmetic
sum of the FTE of the individual industries

"Total net stocks of capital (Total K) may be broken down into IT
equipment (ITEQ), non-IT equipment (Non-ITEQ), and Structures. From
these categories, alternative capital intensity criteria similar to the
above ratio of industry ITEQ/FTE to overall ITEQ/FTE were calculated
using Non-ITEQ/FTE, Structures/FTE, Non-IT K/FTE (where Non-IT K
= Non-ITEQ + Structures), and Total K/FTE. The results show that
industries with ratios exceeding 1 based on any of the above capital
intensity criteria as a group contributed a larger share to productivity
growth than their share in the economy. However, the ranking based
on ITEQ/FTE resulted in the largest contribution share to productiv-
ity growth than the share in the economy.

Computing Growth Contributions
by Industry Groups

Because of the additivity of individual industry
contributions to productivity growth (see Box 1), we
were able to determine contributions by industry
groups by summing the contributions of the indus-
tries in each group. We were also able to compare
productivity performance between groups.

Dividing industries into a top half and bottom
half—each half comprising a 50 percent share of
aggregate GDP—allows a comparison of more IT-
intensive to less IT-intensive industries, with regard
to the impacts of IT on productivity growth. This
approach also permits us to assess top-half and
bottom-half industries’ contributions to the accel-
eration in productivity growth after 1995.

Another grouping is based on BEA's major indus-
try groups: mining, construction, manufacturing
durables, manufacturing nondurables, transporta-
tion and public utilities, wholesale trade, retail
trade, finance and insurance, and services. This
grouping permits analysis of how widespread pro-
ductivity growth and growth acceleration have been.

MAIOR FINDINGS

IT-intensive Industries Account
for all U.S. Productivity (GDP/FTE) Growth
Over the Period 1989-2000

Between 1989 and 2000, the relatively more IT-
intensive group (top-half industries) far outper-
formed the less IT-intensive group (bottom half) in
terms of productivity growth. Productivity growth
of top-half industries averaged 2.95 percent annu-
ally during 1989-2000 compared to only 0.58 per-
cent among bottom-half industries. The relatively
strong productivity performance by top-half indus-
tries is largely responsible for the 1.68 percent av-
erage productivity growth in all private nonfarm
business industries during the period.

In general, an industry’s productivity growth is
larger, the larger its output (GDP) growth and the
smaller its employment (FTE) growth. Output growth
for the more IT-intensive group averaged 4.75 per-
cent between 1989 and 2000—2 percentage points
more than the less IT-intensive group average of
2.74. (Figure 4.1 and Appendix Table A-4.1)

By contrast, except for 1997 and 1998, FTE
growth in the more IT-intensive group remained well
below that in the less IT-intensive group. (Figure
4.2 and Appendix Table A-4.2) In general, less IT-
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Table 4.1

AND CUMULATIVE SUM OF AVERAGE SHARES OF NOMINAL GDP, 1989-2000

Industry ITEQ/FTE Cumulative Sum of
Industry SIC over Average Shares of
Overall ITEQ/FTE Nominal GDP (%)
Top Half Industries with 50% GDP Share
Telephone and telegraph 481,482,489 22.98 2.82
Pipelines, except natural gas 46 14.25 2.93
Nondepository institutions 61 12.39 3.60
Radio and television 483,484 10.07 4.43
Petroleum and coal products 29 7.57 5.01
Electric, gas, and sanitary services 49 6.40 8.67
Oil and gas extraction 13 4.02 10.11
Chemicals and allied products 28 3.72 12.73
Metal mining 10 2.96 12.84
Tobacco products 21 2.44 13.11
Transportation services 47 2.38 13.55
Motion pictures 78 2.28 13.98
Security and commodity brokers 62 2.10 15.52
Depository institutions 60 2.07 19.87
Insurance carriers 63 1.94 21.90
Railroad transportation 40 1.73 22.33
Holding and other investment offices 67 1.65 22.49
Instruments and related products 38 1.59 23.47
Wholesale trade 50,51 1.50 32.62
Transportation by air 45 1.45 33.82
Electronic and other electric equipment 36 1.27 36.37
Paper and allied products 26 1.00 37.34
Printing and publishing 27 0.84 38.93
Coal mining 12 0.81 39.15
Industrial machinery and equipment 35 0.76 41.61
Other transportation equipment 37exc371 0.74 42.70
Nonmetallic minerals, except fuels 14 0.64 42.87
Business services 73 0.64 48.64
Miscellaneous repair services 76 0.63 49.02
Bottom Half Industries with 50% GDP Share Share

Food and kindred products 20 0.59 51.15
Primary metal industries 33 0.57 52.05
Motor vehicles and equipment 371 0.56 53.57
Legal services 81 0.49 55.43
Personal services 72 0.43 56.30
Health services 80 0.42 64.05
Stone, clay, and glass products 32 0.42 64.64
Water transportation 44 0.42 64.86
Insurance agents, brokers, and service 64 0.41 65.74
Trucking and warehousing 42 0.36 67.41
Other services, n.e.c. 83,84,86,87,89 0.34 72.75
Fabricated metal products 34 0.32 74.34
Miscellaneous manufacturing industries 39 0.29 74.76
Local and interurban passenger transit 41 0.28 75.00
Textile mill products 22 0.26 75.47
Rubber and miscellaneous plastics products 30 0.26 76.31
Auto repair, services, and parking 75 0.20 77.51
Lumber and wood products 24 0.20 78.22
Retail trade 52-59 0.17 90.29
Hotels and other lodging places 70 0.16 91.41
Leather and leather products 31 0.16 91.50
Furniture and fixtures 25 0.16 91.87
Apparel and other textile products 23 0.13 92.37
Construction 15,16,17 0.11 98.01
Amusement and recreation services 79 0.10 98.99
Educational services 82 0.06 100.00

Note: BEA's industry GDP at the 2-digit SIC level is too broad or lumpy for our purposes. IT intensity within a 2-digit industry varies a
great deal because some component 3-digit or 4-digit industries are IT-intensive while others are not. However, because of data con-
straints, we had to apply our IT intensity criterion at the 2-digit level. Thus, IT intensive and non-IT intensive industries within a 2-digit
level are assigned the same 2-digit ranking. For example, SIC 35 and SIC 36 include the IT-producing industries in this report (see
Chapter lll) that are IT-intensive. However, the IT intensity ranking of SIC 35 and SIC 36 puts them near the bottom of the Top-Half group
above because these 2-digit categories include 3-digit and 4-digit industries that are non-IT intensive.

Source: ESA estimates derived from BEA data.

IT-INTENSITY RANKING BY RATIO OF INDIVIDUAL INDUSTRY ITEQ/FTE TO OVERALL ITEQ/FTE, 1996
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Figure 4.1
GDP GROWTH IN TOP-HALF AND BOTTOM-HALF
INDUSTRIES AND IN ALL INDUSTRIES OF THE
U.S. NONFARM BUSINESS SECTOR
1989-2000
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Source: ESA estimates derived from BEA data.

Figure 4.2
FTE GROWTH IN TOP-HALF AND BOTTOM-HALF
INDUSTRIES AND IN ALL INDUSTRIES OF THE
U.S. NONFARM BUSINESS SECTOR
1989-2000
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Source: ESA estimates derived from BEA data.

intensive industries are more worker-intensive than
more IT-intensive industries.®

As a result of stronger output growth and weaker
employment growth, more IT-intensive industries
achieved higher productivity growth than less IT-in-
tensive industries for the period 1989-2000 as a
whole (2.95 percent on average compared with
0.58 percent) and in every year of the period. (Fig-
ure 4.3 and Appendix Table A-4.3)

As noted above, ESA analysts also decomposed
overall productivity growth into contributions by the
top-half IT-intensive industries and the bottom-half
less [T-intensive industries. Top-half industries con-
tributed 1.68 percentage points or practically 100
percent of the overall average productivity growth
of 1.68 percent per year during 1989 to 2000. Year
by year comparisons of contributions between the
two groups also show that the contribution of the
IT-intensive top half far exceeded that of the less
IT-intensive bottom half. (Figure 4.4 and Appendix
Table A-4.4)

In the more IT-intensive top-half industries, pro-
ductivity growth accelerated 1.38 percentage points
from an average 2.32 percent during 1989-1995
to 3.70 percent average during 1995-2000. In
contrast, in the less IT-intensive bottom-half indus-
tries, growth accelerated at a slower 1.15 percent-
age points from 0.06 percent average (1989-1995)
to 1.21 percent average (1995-2000). For all in-

8Sixty-five percent of U.S. workers in the nonfarm business sec-
tor work in less IT-intensive industries.

dustries, overall productivity growth accelerated
1.46 percentage points. (Figure 4.5 and Appendix
Table A-4.5).

Our analysis indicates that the bulk of produc-
tivity growth acceleration after 1995 was generated
by IT-intensive industries.® Figure 4.6 (also, see
Appendix Table A-4.6) shows that 1.01 percentage
points—69 percent of 1.46 percentage points over-

SFor the significant contributions of IT capital deepening to the
acceleration in labor productivity from the first to the second halves
of the 1990s, see Stephen D. Oliner and Daniel E. Sichel, “The Re-

Figure 4.3
GDP PER FTE GROWTH IN TOP-HALF
AND BOTTOM-HALF INDUSTRIES
AND IN ALL INDUSTRIES
OF THE U.S. NONFARM BUSINESS SECTOR
1989-2000
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Figure 4.4
CONTRIBUTIONS TO OVERALL

GDP PER FTE GROWTH BY TOP-HALF
AND BOTTOM-HALF INDUSTRIES
OF THE U.S. NONFARM BUSINESS SECTOR
1989-2000
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Figure 4.6
CONTRIBUTIONS TO OVERALL GDP PER FTE

GROWTH ACCELERATION BY TOP-HALF
AND BOTTOM-HALF INDUSTRIES
OF THE U.S. NONFARM BUSINESS SECTOR
1995-2000 OVER 1989-1995
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Source: ESA estimates derived from BEA data.

all growth acceleration—was provided by the more
IT-intensive top-half industries. In contrast, the

surgence of Growth in the Late 1990s: Is Information Technology
the Story?,” Washington, DC: Federal Reserve Board (May 2000),
Table 5, p. 28; Congressional Budget Office, The Budget and Eco-
nomic Outlook: Fiscal Years 2001-2010 (January 2000), Appendix
A; Economic Report of the President (February 2000), Table 2-3, p.
83; Dale W. Jorgenson and Kevin J. Stiroh, “Raising the Speed Limit:
U. S. Economic Growth in the Information Age” (May 1, 2000), avail-
able from kevin.stiroh@ny.frb.org; and Karl Whelan, “Computers,
Obsolescence, and Productivity” (February 2000), Table 4, p. 34,
available from kwhelan@frb.org. These contributions to productivity
acceleration are summarized in U.S. Department of Commerce, op.
cit., Figure 4.1, p. 38.

Figure 4.5
GDP PER FTE GROWTH IN TOP-HALF

AND BOTTOM-HALF INDUSTRIES
AND IN ALL INDUSTRIES
OF THE U.S. NONFARM BUSINESS SECTOR
1989-1995 AND 1995-2000
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Source: ESA estimates derived from BEA data.

bottom-half industries that use IT less intensively
contributed only 0.45 percentage points or 31 per-
cent of the acceleration in overall productivity
growth. Our estimates show that productivity ac-
celeration was spread across 17 industries in the
top-half group.*°

Productivity Growth Widespread
Across Major Industrial Sectors

Some economists have asserted that strong pro-
ductivity growth is narrowly concentrated in manu-
facturing durables, and, within that sector, in the
computer and semiconductor producing industries.
In contrast, this study shows that productivity
growth during 1989-2000 has been widespread
across many sectors of the economy in addition to
manufacturing durables.

Figure 4.7 (also, see Appendix Table A-4.7) shows
average productivity growth for all major industry
groups during 1989-2000. Manufacturing durables
led all sectors with an average productivity growth
of 5.39 percent, followed by wholesale trade (4.30
percent), finance and insurance (3.73 percent),
retail trade (2.54 percent), transportation and pub-
lic utilities (2.16 percent), and mining (1.84 per-
cent).

ESA analysts also decomposed overall produc-
tivity growth into percentage point contributions by

19A total of 30 industries had positive contributions to growth
acceleration, including 13 industries in the bottom-half group.
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Figure 4.7
GDP PER FTE GROWTH
IN U.S. NONFARM BUSINESS SECTOR
BY MAJOR INDUSTRY GROUPS
1989-2000
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the major sectors. Manufacturing durables made
the largest contribution—0.68 percentage points or
over 40 percent of annual average 1.68 percent
growth of productivity in the nonfarm private busi-
ness sector.!* (Figure 4.8 and Appendix Table A-
4.8) But sectors outside manufacturing durables
also made significant contributions. Finance and
insurance contributed 0.41 percentage points (24.3
percent), wholesale trade 0.41 percentage points
(24.2 percent), transportation and public utilities
0.35 percentage points (20.5 percent), retail trade
0.15 percentage points (9.1 percent), manufactur-
ing nondurables 0.14 percentage points (8.1 per-
cent), and mining 0.01 percentage points (0.3 per-
cent).

Sources of Productivity Growth Acceleration
Also Widely Dispersed

Overall productivity growth accelerated to 2.48
percent average during 1995-2000 from an aver-
age 1.02 percent during 1989-1995. Productivity
growth accelerated not only in manufacturing
durables but also in wholesale trade, retail trade,
finance and insurance, and services. (Figure 4.9
and Appendix Table A-4.9).

Manufacturing durables contributed 0.27 per-
centage points (18 percent) to the overall 1.46

11Within manufacturing durables, 85 percent of productivity
growth of durables was contributed by the two industries that pro-
duce IT equipment: industrial machinery and equipment (SIC 35)
and electronic and other electric equipment (SIC 36).

percent productivity growth acceleration.*? (Figure
4.10 and Appendix Table A-4.10). The remaining
1.19 percentage points (or 82 percent) of nonfarm
business productivity growth acceleration came
from outside of manufacturing durables.

The largest contribution to this acceleration
came from finance and insurance, which accounted
for 0.54 percentage points (37 percent), followed
by retail trade 0.41 percentage points (28.3 per-
cent), wholesale trade 0.30 percentage points
(20.8 percent), and services 0.23 percentage
points (15.8 percent).

IT-intensive Industries
Help Hold Down Inflation
Between 1989 and 2000, IT production and use
contributed substantially to restraining inflation.*®
Figure 4.11 (also, see Appendix Table A-4.11) shows

2Manufacturing durables’ contribution to overall productivity
growth was 0.56 percentage points during 1989-1995 and 0.83
percentage points during 1995-2000.

13To examine this issue, we looked at price growth separately
within the more IT-intensive top-half group of industries and within
the less IT-intensive bottom-half group, after excluding energy and
food producing and processing industries consistent with the “core
inflation” concept. Core inflation, as measured by the official CPI,
excludes the price effects of volatile food and energy sectors. Con-
sistent with this concept, we excluded from our inflation analysis
four more industries (in addition to the previously excluded real es-
tate industry): (1) oil and gas extraction, (2) electric, gas, and sani-
tary services, (3) petroleum and coal products, and (4) food and kin-
dred products. We then examined the contributions of these two
groups to the overall price growth in the U.S. nonfarm business sec-
tor.

Figure 4.8
CONTRIBUTIONS
TO GDP PER FTE GROWTH
IN U.S. NONFARM BUSINESS SECTOR
BY MAJOR INDUSTRY GROUPS
1989-2000

Mining

Construction -0.03]
Manufacturing, Durable Goods 0.68
Manufacturing, Nondurable Goods

Transportation and Public Utilities

Wholesale trade

Retail trade

Finance and Insurance

Services

Percentage

Point
Source: ESA estimates derived from BEA data.
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Figure 4.9
GDP PER FTE GROWTH
IN U.S. NONFARM BUSINESS SECTOR
BY MAJOR INDUSTRY GROUPS
1989-1995 AND 1995-2000
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Source: ESA estimates derived from BEA data.

Figure 4.11
PRICE GROWTH IN TOP-HALF AND BOTTOM-HALF
INDUSTRIES AND IN ALL INDUSTRIES OF THE
U.S. NONFARM BUSINESS SECTOR
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Source: ESA estimates derived from BEA data.

that each year during 1989-2000, except in 1995,
price growth was higher within the less IT-intensive
bottom-half group (3.01 percent average) compared
to the overall price growth for all industries (2.13

Because the roles of prices and quantities are symmetric in the
definition of Fisher indexes—the index formulas that underlie BEA’s
chained dollar framework—switching quantities to prices and vice
versa converts the quantity index to a price index. Thus, BEA’s for-
mula (Moulton and Seskin, op. cit.) for contributions to overall quan-
tity growth switches to one that measures contributions to overall
price growth or inflation. The appendix contains a more detailed
discussion of the method.

percent average). In contrast, exceptin 1995, price
growth within the more IT-intensive top-half group
(1.26 percent on average) was lower than the over-
all price growth.

The above result is buttressed by decomposing
the overall price growth into the contributions of
more IT-intensive top-half and less IT-intensive bot-
tom-half industries. Each year from 1989 to 2000,
except in 1995, the top-half group contributed less
to overall price growth than the bottom-half group.
(Figure 4.12 and Appendix Table A-4.12). Top-half

Figure 4.10
CONTRIBUTIONS
TO GDP PER FTE GROWTH ACCELERATION
IN U.S. NONFARM BUSINESS SECTOR
BY MAJOR INDUSTRY GROUPS
1995-2000 OVER 1989-1995
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Source: ESA estimates derived from BEA data.

Figure 4.12
CONTRIBUTIONS
TO OVERALL PRICE GROWTH
BY TOP-HALF AND BOTTOM-HALF INDUSTRIES
IN THE U.S. NONFARM BUSINESS SECTOR
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industries together contributed 0.62 percentage
points or 29 percent to the average annual overall
inflation rate of 2.13 percent. In contrast, bottom-
half industries contributed a much larger 71 per-
cent of the overall inflation rate.

CONCLUSION

The analysis in this chapter shows that the more
IT-intensive top-half industries perform much bet-
ter in terms of their contribution to productivity
(GDP/FTE) growth than the less IT-intensive bottom-
half industries. During the period 1989-2000, the
more IT-intensive industries that contribute a 50
percent share of nominal GDP accounted for prac-
tically 100 percent share of the overall productivity
growth. In contrast, the less IT-intensive bottom-
half industries together made a negligible contri-
bution.

During the period 1989-2000, manufacturing
durables accounted for over 40 percent of the pro-
ductivity growth in U.S. nonfarm business sector.
However, almost 60 percent of aggregate growth

was widely dispersed across many major industry
groups, including manufacturing nondurables,
transportation and public utilities, finance and in-
surance, wholesale trade, retail trade, and mining.

Nonfarm business productivity growth acceler-
ated by an annual average 1.46 percentage points
from 1989-1995 to 1995-2000. Manufacturing
durables contributed 0.27 percentage points to this
acceleration, an 18 percent share. A full 82 per-
cent of nonfarm business productivity growth ac-
celeration came from outside of manufacturing
durables.

In addition, the IT- intensive top-half industries
together contributed a 29 percent share of the av-
erage annual inflation rate during 1989-2000 while
the relatively less IT-intensive bottom-half industries
contributed 71 percent of the overall inflation rate.

The analysis in this chapter shows that the
sources of productivity growth acceleration are well
dispersed across major sectors of the economy and
that decades of IT investment by U.S. industries are
producing positive and lasting changes in the
nation’s economic potential.
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Chapter V

Jobs in the New Economy

Despite reports of mounting layoffs, IT workers
are still in demand, especially in industries that
provide IT services and occupations related to IT
security, networking, and e-commerce. As the
economy has slowed, so has the demand for
many types of IT equipment, but demand remains
strong for many IT-related services.

For IT workers, the new economy offers both
opportunity and risk. The highest skilled IT work-
ers enjoy strong demand for their services and
above average compensation packages. At the
same time, less skilled IT workers and some non-
IT workers face a greater chance of being dis-
placed by rapidly evolving technologies.

Even for workers in non-IT jobs, basic IT skills
are becoming a requirement. IT skill requirements
are ever changing and workers are finding that
life-long training is needed for long-run economic
security. Educators, too, recognize the growing
need for skilled workers and are designing cur-
ricula to include basic IT skills training especially
at the secondary school level.

This chapter discusses implications of the IT
revolution for both IT and non-IT workers. The
first half of the chapter focuses on IT workers—
employment demand, compensation, skill require-
ments and related supply issues. The second half
discusses IT’s role in labor markets — how IT is
changing the nature of work, the way workers find
work, and where they work.

*Ms. Cooke is an economist in the Office of Business and Indus-
trial Analysis, Office of Policy Development, Economics and Sta-
tistics Administration.

Highlights

After growing much faster than average during the
late 1990s, IT industry employment growth has
slowed in recent months in response to a slowing
economy. Some IT service industries, however, are
still adding jobs.

In 2000, there were 5.6 million workers employed in
IT industries.

Average wages per worker in IT industries are twice
the national average. IT industry workers earn
$73,800 compared with $35,000 for all workers en-

gaged in private nonfarm industries.

In 2000, 6.6 million workers were employed in IT
occupations in all industries.

More than half of IT jobs are “high skilled” and re-
quire at least an associate degree. High skilled IT
jobs pay considerably more than low skilled IT jobs.

Business, government, and educational institutions
are working to prepare students and workers for the
job demands of the information age.

IT has contributed to rising skill requirements
across a number of occupations.

In the new economy, workers are less constrained
by geographical barriers as IT allows some types of
work to be done from virtually any location.

IT plays an important role in the efficient operation
of labor markets through matching employers with
job seekers and allowing contingent workers to
quickly respond to changing market conditions.
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IT WORKERS: DEMAND AND SUPPLY

IT workers design, manufacture, operate, re-
pair, and maintain the IT infrastructure that facili-
tates e-commerce and other Internet or network-
related activities. For the purpose of this analy-
sis, the IT workforce is divided into two partially
overlapping groups—workers in IT-producing indus-
tries and workers in IT occupations. Workers in
IT-producing industries include all occupations,
e.g., sales, marketing, and financial services, in
addition to workers in IT occupations. IT-produc-
ing industries consist of four major segments:
hardware, software and related computer ser-
vices, communications equipment, and commu-
nications services. (See Chapter 3, Table 3.1)
Workers in IT occupations work across all indus-
tries, e.g., a computer programmer might work in
financial services or retail trade as well as in IT-
producing industries. IT occupations are listed in
Box 5.1 and duties are described in Appendix Table
A-5.5.

Employment in IT-Producing Industries:
IT Services Adding Jobs, IT Goods Losing Jobs

From 1992 to 2000, jobs in IT-producing in-
dustries grew twice as fast as the national aver-
age, driven by growth in IT services industries. (Ap-
pendix Table A-5.1) The number of IT workers grew
from 3.6 million in 1992 to 5.6 million in 2000,
or from about 4 percent to 5 percent of total pri-
vate nonfarm employment.! Since the beginning
of 2001, however, as the economy has weak-
ened, employment growth of IT industries has
slowed considerably.

The overall growth in IT-producing industry em-
ployment represents a churning in IT jobs, with
significant increases in some areas and declines
in others. This trend is evident when we examine
IT services and IT goods industries separately.?
As shown in Figures 5.1 and 5.2, since 1992, IT
services industries have enjoyed higher than av-

1 Because of definitional changes, these estimates are not
comparable to those reported in earlier Digital Economy reports.
See Appendix Table A-5.1 for a complete historical revision.

2 Churning is even more evident at the 4-digit SIC level as
shown in Appendix Table A-5.1. Average annual rates of change
in employment from 1992 to 2000 range from -5.4 percent for the
optical recording media industry to 23.4 percent for the informa-
tion retrieval services industry.

Figure 5.1
EMPLOYMENT GROWTH:*
IT GOODS, IT SERVICES, AND ALL PRIVATE INDUSTRIES
(year to year rates of change)
Percent
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Source: ESA estimates based on BLS data.

Figure 5.2
EMPLOYMENT LEVELS:*
IT GOODS AND IT SERVICES
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Source: ESA estimates based on BLS data.

erage rates of employment growth, even into
2001. Industries that manufacture IT equipment,
however, have seen little job growth over the pe-
riod and in recent months, have even lost jobs.
This trend also reflects the aggregate trend of
much stronger employment growth in the services
sector than in the manufacturing sector. Despite
overall IT job growth during much of the 1990s,
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some workers in IT-producing industries have
been replaced by new technologies, either directly
or as productivity improvements reduced the need
for some workers. Also, several IT-producing in-
dustries faced import competition during the
1990s.

By sector, we find that software and computer
services, the largest IT sector, recorded the fast-
est employment growth from 1992 to 2000. Jobs
in this area more than doubled, from 854,000 in
1992 to more than 2.1 million in 2000 (a 12 per-
cent annual growth rate). (Appendix Table A-5.1)
Information retrieval services and computer pro-
gramming services were also among the fastest
growing industries in this IT sector. Employment
in communications services grew slightly faster
than average over the period, led by cable and
other pay television service providers. By the end
of 2001, however, employment in several IT ser-
vices industries showed slight declines as the
economy continued to weaken.

Employment in hardware industries grew more
slowly than average from 1992 to 2000, at about
2.5 percent per year; and some sub-industries
experienced significant employment declines, e.g.,
manufacturers of computers and electron tubes.
Communications equipment manufacturers also
lost jobs over the period. Employment demand
in these IT goods-producing industries thus far in
2001 either has declined or grown very slowly,
consistent with trends of the past decade.

IT Industries Consistently Pay Higher Than
Average Wages

In 2000, the average annual wage for workers
in IT-producing industries was $73,800—more
than twice as high as the average annual wage
for all private workers, $35,000.% (Figure 5.3)
Since 1992, wages paid by IT-producing indus-
tries have grown by 7.4 percent per year, com-
pared with private-industry average wage growth
of 4.1 percent. (Appendix Table A-5.2)

3 Because of definitional changes, wage estimates in this
report are not comparable to those reported in previous Digital
Economy reports. See Appendix Table A-5.2 for a complete his-
torical revision.

Figure 5.3
ANNUAL WAGES PER WORKER:
IT-PRODUCING AND ALL PRIVATE INDUSTRIES
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Source: ESA estimates based on BLS data.

Among workers in IT-producing industries in
2000, those in software and computer services
industries, including computer programming ser-
vices and software development, earned the high-
est average wage, $80,900. The wages of these
workers grew at an average annual rate of 7.8
percent per year during the 1992 to 2000 pe-
riod.

Although all IT-producing industries paid wages
that were higher than the total private industry
average in 2000, and almost all of them had
higher than average annual wage growth from
1992 to 2000, some IT jobs are low-skilled and
low-paying, as discussed in the next two sections.

Skill Requirements Vary Across IT Occupations

Workers in IT occupations design, manufacture,
operate, maintain, and repair IT products and pro-
vide related services across all industries, not
just in IT-producing industries. In general, occu-
pations change gradually as technology creates
new job categories and eliminates some old ones.
For some IT jobs, however, changes have been
rapid and pronounced. Technology tools and plat-
forms used by IT workers can become obsolete



Page 44

very quickly. This may require workers to retrain,
seek recertification, or even change occupations.
BLS revises the Standard Occupational Classifi-
cation (SOC) system periodically to reflect such
changes. Occupations noted in Box 5.1 reflect
the most recent BLS revisions and additions to
the list of IT-related job categories.*

Because of changes to the occupational clas-
sification system, historical analysis of IT occupa-
tions is not possible. However, historical analysis
of IT occupations defined under the previous SOC
system shows that over time, the IT workforce
has become more highly skilled. Moreover, pro-
jected future demand for IT workers will favor the
highest skilled workers.®

IT occupations included 6.65 million workers
in 2000, about 4.6 percent of all U.S. workers.
More than half (3.8 million) of the workers with IT
occupations were in jobs that generally need at
least an associate degree. By contrast, in the
U.S. economy as a whole, only about one in four
workers is employed in a high-skilled occupation.
(Figure 5.4) Computer engineers, electrical engi-
neers, and computer programmers are among the
highest skilled IT occupations. (See Appendix Table
A-5.4 for a complete list of IT occupational em-
ployment for 2000.) In 2000, about a quarter of
all IT workers (1.6 million) were employed in mod-
erately skilled occupations—jobs requiring long-
term on-the-job training, related work experience,
or post secondary vocational training. Such jobs
include data entry keyers and telecommunications
line installers and repairers. In addition, slightly
less than one-fifth of IT workers were employed
in low-skilled IT occupations such as switchboard

4 BLS recently revised its SOC classification expanding sev-
eral IT-related occupations, adding new occupations, and com-
bining others. For example, the 2000 SOC divided the computer
engineer occupation into three new categories: computer soft-
ware engineers - applications; computer software engineers -
systems software; and computer hardware engineers. New IT
occupations include network systems and data communications
analysts. Because of changes in the SOC categories, the num-
bers reported in this chapter are not directly comparable with
those reported in previous Digital Economy publications.

5 Sandra Cooke, “The IT Workforce,” iMP: The Magazine on
Information Impacts, April 2000, (http://www.cisp.org/imp) and
Digital Economy 2000, Chapter 5, June 2000.

BOX 5.1

IT-RELATED JOBS

Skill Level: High

Engineering managers

Computer and information systems managers
Computer and information scientists, research
Computer programmers

Computer software engineers, applications
Computer software engineers, systems software
Computer support specialists

Computer systems analysts

Database administrators

Network and computer systems administrators
Network systems and data communications
analysts

Computer hardware engineers

Electrical engineers

Electronics engineers, except computer

Electrical and electronic engineering technicians

Skill Level: Moderate

Data entry keyers

Computer, ATM, and office machine repairers

Telecommunications equipment installers and
repairers, except line installers

Electrical and electronics repairers, commercial
and industrial equipment

Electrical power-line installers and repairers

Telecommunications line installers and repairers

Electrical and electronic equipment assemblers

Electromechanical equipment assemblers

Semiconductor processors

Skill Level: Low

Switchboard operators, including answering service

Telephone operators

Billing and posting clerks and machine operators

Computer operators

Mail clerks and mail machine operators, except
postal service

Other office machine operators

Source: ESA in consultation with BLS.
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Figure 5.4
EMPLOYMENT AND TRAINING REQUIREMENTS
OF IT OCCUPATIONS, 2000
Percent IT Occupations All Occupations
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LOW: Short to moderate-term on-the-job training

Source: ESA estimates based on BLS data.

Figure 5.5
EARNINGS DISTRIBUTION AMONG

IT OCCUPATIONS, 2000
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Source: ESA estimates based on BLS 2000 occupational employment and
earnings.

operators and billing and posting machine opera-
tors —jobs that require little on-the-job training.

Skilled IT Jobs Pay Highest Wages

The earnings of IT workers vary greatly, based
on their skills and educational levels. IT worker
earnings are higher than average and IT jobs re-
quiring high levels of education and training pay
more than those requiring little formal education
and training. A ranking of IT jobs according to
BLS average earnings quartiles, reveals that in
2000, more than two-thirds of IT jobs paid “high”
or “very high” earnings (greater than $25,760).
(Figure 5.5)

In 2000, most high skilled IT jobs (86 percent)
paid “very high” wages (more than $39,660), while
17 percent of moderately skilled IT jobs ranked
among the highest paid. (Table 5.1) Though one
quarter of all jobs rank in the “very low” earnings
quartile (less than $18,500), none of them are IT
jobs. Almost 60 percent of moderately-skilled IT
workers earned low wages. This is because data
entry keyers, an occupation that includes a large
number of workers, requires a moderate amount
of training but is among the lowest paid IT occu-
pations.

For specific occupations, we find that in 2000,
median earnings ranged from $84,070 for highly
skilled engineering managers, who typically require
a bachelors degree plus experience, to $19,840
for mail clerks and mail machine operators, a
position that requires little work experience. (See
Appendix Table A-5.4 for a complete list of IT oc-
cupations and median earnings.)

Private surveys provide more timely earnings
estimates and include the newest IT occupations.
Computerworld conducts an annual salary survey
as does RHI Consulting, Inc., a major job place-
ment firm.® RHI’s most recent survey suggests
that starting salaries will increase very little for
most IT jobs during 2002. However, jobs related
to corporate security and e-commerce will see
large rises in base compensation. RHI forecasts
that the strongest demand for IT workers will be
in health care, finance, and real estate industries.

6 See Computerworld’s 15" Annual Salary Survey: “More for
the Money,” September 3, 2001 for a list of earnings by occupa-
tion, industry, and region. (http://www.computerworld.com/cwi,
story/0,1199,NAV63 ST063423,00.htm) RHI Consulting, 2002
Salary Guide.(http://www.rhic.com/FreeResources), December
2001.
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TABLE 5.1: IT OCCUPATIONAL EMPLOYMENT, BY EARNINGS AND SKILL LEVELS, 2000

SKILL LEVELS 1/

EARNINGS QUARTILES High Moderate Low Total

Very High >$39,700 3,240,440 288,670 0 3,529,110
High $25,760-$39,660 522,570 392,630 238,610 1,153,810
Low $18,500-$25,760 0 965,420 1,003,980 1,969,400
Very Low < $18,490 0 0 0 0
TOTAL 3,763,010 1,646,720 1,242,590 6,652,320
Skill shares 56.6% 24.8% 18.7%

Earnings Percent Distribution
Very High >$39,700 86.1% 17.5% 0.0% 53.1%
High $25,760-$39,660 13.9% 23.8% 19.2% 17.3%
Low $18,500-$25,760 0.0% 58.6% 80.8% 29.6%
Very Low < $18,490 0.0% 0.0% 0.0% 0.0%
TOTAL 100.0% 100.0% 100.0% 100.0%

vocational training
Low: short to moderate-term on-the-job training

1/ High: Associate degree, bachelor's degree or work experience plus a bachelor's degree or higher
Moderate: long-term on-the-job training, work experience in a related occupation or post secondary

Source: ESA estimates based on Bureau of Labor Statistics data.

In addition to base pay, many IT workers in the
past negotiated lucrative compensation packages
that included stock options and profit sharing.
However, the demise of many dot-coms has
erased the lure of stock options as a form of com-
pensation. Computerworld reports that in the
current economic climate, job seekers are more
interested in job security and less interested in
extraordinary compensation packages. Employ-
ers now offer bonuses to reward workers for good
work rather than as a recruiting incentive.’

IT Worker Supply Initiatives

In response to the IT worker supply debate that
emerged during the 1990s, hundreds of programs
have been implemented to increase the supply
of IT workers and raise overall IT literacy. Public
and private institutions are working both indepen-
dently and in partnerships to promote IT literacy

7 Computerworld, “Hiring Gets Sane,” April 2, 2001. (http://
www.computerworld.com/cwi/stories/0,1199,NAV47-81
ST059071,00.html); “More for the Money,” September 3, 2001
(http://www.computerworld.com/storyba/0,4125,NAV47
ST063423,00.html

across all occupations, age groups, ethnic and
economic categories. (See Box 5.2 for a sample
of initiatives.) One response to the IT worker sup-
ply debate was the temporary increase in the
number of foreign workers allowed in the United
States under the H-1B visa program.® In addi-
tion, fees from H-1B visa applications are being
used to fund IT programs to train Americans for
these jobs. Another response has been the emer-
gence of IT certification and other short-term IT
training programs that have produced skilled IT
workers.

In recent months, however, the slowing of the
economy and the failure of some Internet firms
has helped to ease supply pressures in IT labor
markets. Challenger, Gray, and Christmas report
that during 2001, dot-com layoff announcements
totalled 100,925 and telecommunications and

8 The H-1B visa program allows foreign workers to enter the
country for the specific purpose of temporarily filling skilled jobs
(a large share of which are IT jobs) and last year, Congress passed
legislation that raised the cap on H-1B visas from 65,000 to
195,000 in FY2001, FY2002, and FY2003, after which the cap will
revert to 65,000. (http://www.ins.usdoj.gov/graphics
publicaffairs/statements/018H1BCapState.htm)

9 Challenger, Gray, and Christmas, Inc., press release, De-
cember 31, 2001. (http://www.challengergray.com)
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Box 5.2

SPECIFIC EXAMPLES OF CURRENT AND PLANNED IT TRAINING INITIATIVES:

POSTSECONDARY TRAINING

NCR donated $1.2 million to the University of Dayton to create two endowed professorships along with
hardware and software needed to provided specialized coursework in data warehousing.

EMC?, a leader in networked information storage systems, is partnering with the Massachusetts Bay
Community College and New England Institute of Technology to sponsor an accelerated associate’s degree
program in technology skKills.

PREPARING TEACHERS AND STUDENTS
Intel’s “Teach to the Future” program will provide technology training for over 400,000 teachers by 2002.

Microsoft’s “Classroom Teacher Network” is a free online training and professional development tool for K-12
teachers. Teachers from 80 different countries use this resource.

TECHNOLOGY GRANTS AND SCHOLARSHIPS

The Department of Labor administers the H-1B Technical Skills Training Grant Program which is authorized to
use 55 percent of the $1,000 per H-1B visa application fee to fund training programs that will assist
American workers in acquiring skills in occupations that are in demand, e.g., information technology.

Nortel Networks Scholars Program provides scholarships to university level students studying engineering
and computer science. Over the next decade, more than 7,000 students will become Nortel Networks
Scholars.

The National Science Foundation sponsors the Computer Science, Engineering, and Mathematics Scholar-
ships (CSEMS) program which awards $2,500 per student per year for up to two years to low income and
minority students.

DIVERSITY INITIATIVES

Hewlett Packard has committed $5 million over 5 years to their Diversity in Education Initiative which
promotes study of engineering by minorities and women.

3com and the YWCA have established a new training program to encourage high school age females who are
graduates of the YWCA’s TechGYRLS program (ages 9-13) to continue their IT training in computer network-

ing.
IT CAREER INFORMATION AND TRAINING SOURCES

The Information Technology Association of America provides information on IT careers, jobs and training.
(http://www.itaa.org/workforce/resources/partner.htm)

The Department of Labor maintains America’s Career Kit consisting of America’s Career InfoNet (http://
www.acinet.org), America’s Job Bank (http://www.ajb.dni.us) and America’s Learning Exchange (http://
www.alx.org), which provides the public with training sources and job search information.
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computer firms announced 486,172 job cuts.®
Nonetheless, companies continue to hire for spe-
cific types of IT jobs including, networking, IT se-
curity, and e-commerce and some industries that
provide IT services are still adding workers.°

Growth in demand for high quality digital prod-
ucts and electronically delivered services is ex-
pected to fuel the demand for skilled IT workers
well into the future. BLS projects that seven of
the ten fastest growing occupations over the next
decade will be IT occupations and IT services will
be among the fastest growing industries.**

INFORMATION TECHNOLOGY’S IMPACT ON
LABOR MARKETS

The diffusion of information technology is af-
fecting the way our labor markets operate. Wide-
spread use of IT has reduced the importance of
geographical boundaries and allowed some types
of labor services to be provided from practically
any location. IT has also raised education and
skill requirements across the board, causing many
workers and employers to commit to continuous
training and skills upgrading. In addition, use of
the Internet and related technologies has facili-
tated the matching of workers with employers,
especially contingent workers who can more
quickly and efficiently move among employers as
needed.

IT and Job Location

The Internet and other networking technolo-
gies now allow some workers to work from virtu-
ally any location. Companies are no longer limited
to local or regional job pools when competing for
talent. This is especially true when the output is
information and requires little person-to-person
contact. In addition, businesses can leverage the
Internet to subdivide work and have tasks per-

10 David Foote, “As 2002 Dawns, Job Market has some Bright
Signs,” Computerworld, January 7, 2002. (http://www.
computerworld.com); RHI Consulting , January 4, 2002 press re-
lease. (http://www.rhic.com/PressRoom?); Information retrieval
services and cable and pay television services industries are two
IT industries that continued to add jobs in 2001.

11 Daniel Hecker, “Occupational Employment Projections to
2010,” and Jay M. Berman, “Industry Output and Employment
Projections to 2010,” Monthly Labor Review, November 2001.

formed at different geographical locations. They
can also lower their costs by redistributing work
to regions or even countries where labor costs
are relatively lower. IT also gives employers ac-
cess to a more diverse pool of workers including
the disabled, older workers, parents with small
children, and others who prefer to work from
home.

E-mail, teleconferencing, video-conferencing,
and the ability to reach people via cellular phones
and two-way pagers help employers keep in touch
with workers from all locations. This provides
greater flexibility to the worker while increasing
productivity, reducing costs and avoiding duplica-
tion of effort. At the same time, 24-hour access
can blur the line between work and leisure, re-
sulting in longer work hours and reduced job sat-
isfaction. Some employers practice teleworking—
an arrangement that allows employees to work
from home one or more days per week. An esti-
mated 13 to 19 million workers were involved in
some form of teleworking in 2000.*? This option
is being used increasingly as a way to attract and
retain high-quality workers. In addition, local gov-
ernments, especially in urban areas are encour-
aging employers to use teleworking as a way to
alleviate traffic congestion, reduce pollution, and
promote energy conservation. The Federal gov-
ernment also favors flexibility in the workplace
and has set goals for increasing teleworking by
all federal agencies.'®

IT and Rising Skill Requirements

One measure of the pervasiveness of IT is the
growth in on-the-job computer use. According to

12 “Telework and the Workplace of the 21t Century,” Confer-
ence sponsored by the Department of Labor and Xavier Univer-
sity, October 2000. (http://www.dol.gov/dol/asp/public/telework,
main.htm) Conference presenters cite several studies that pro-
vide evidence of the positive benefits of teleworking; U.S. De-
partment of Labor, Futurework: Trends and Challenges for Work
in the 21st Century, 1999. (http://www.dol.gov/dol/asp/public,
futurework/report.htm)

13 Puplic Law 106-346, Section 359, 10/23/2000, as inter-
preted by OPM memorandum to agencies (2/9/2001), instructs
federal agencies (1) to review telework barriers, act to remove
them and increase actual participation, (2) to establish eligibility
criteria, and (3) that subject to any applicable agency policies or
bargaining obligations, employees who meet the criteria and
want to participate must be allowed that opportunity if they are
satisfactory performers. The law provides that its requirements
must be applied, within four years, to 100 percent of the federal
workforce. (http://policyworks.gov/telework)
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estimates from the Census Bureau, the number
of workers using computers at work increased
from 24.2 million in 1984 to almost 64 million in
1997, an average annual increase of 7.8 percent
per year.** This growth in computer usage is widely
believed to be a major contributor to the in-
creased demand for skilled workers and the wage
premium associated with using a computer.’® Re-
searchers have found that workers who use a
computer at work can earn 17 to 22 percent more
than other workers.®

Growth in computer use is not limited to work-
ers in IT producing industries and IT occupations.
Workers in a variety of non-IT occupations find
themselves using computers and computerized
devices to perform their jobs and more often than
not, this requires some upgrading of skills. For
example, in many financial services occupations,
workers use computers for routine accounting and
billing as well as more complex financial model-
ing. Records processing has become automated
with records being maintained and transmitted
electronically. Real estate agents maintain list-
ings electronically and auto mechanics use com-
puterized diagnostic devices. Almost any occu-
pation that requires research involves the use of
IT to search in-house or online databases.

Increased competition and rapid change in the
new economy, along with rising skill requirements
means workers must be able to adapt quickly to
changing technologies and organizational struc-
tures. This will require technical skills as well as
“soft” skills, e.g., interpersonal, management, and
problem solving skills. Long-term prosperity for

14 Robert Kominski and Eric Newburger, “Access Denied:
Changes in Computer Ownership and Use: 1984-1997,” August
1999.(http://www.census.gov/population/www/socdemo
computer.html

15 David Autor, Lawrence Katz, and Alan Krueger, “Computing
Inequality: Have Computers Changed the Labor Market?” NBER
Working Paper 5956, March 1997; Lawrence Katz, “Technologi-
cal Change, Computerization, and the Wage Structure,” May 1999
(unpublished); Michael Handel, “Computers and the Wage Struc-
ture,” Jerome Levy Economics Institute, Working Paper No. 285,
October 1999; David Autor, Frank Levy, and Richard J. Murnane,
“The Skill Content of Recent Technological Change: An Empirical
Exploration,” NBER Working Paper 8337, June 2001. (http://
www.nber.org/papers/w8337)

16 Using Current Population Survey (CPS) data, Autor, Katz,
and Krueger estimated wage premiums of 18.5 percent for 1984,
20.7 percent for 1989 and 22.5 percent for 1993. McKittrick finds
a wage premium of 17.6 for 1997 using CPS data and 21.9 per-
cent for 1999 using the Survey of Income and Program Participa-
tion (SIPP) dataset. Source: George McKittrick, Department of
Commerce, ESA, unpublished analysis, July 2001.

many workers will depend on their flexibility and
willingness to upgrade their skKills.

Although employer-sponsored training is of-
fered by an estimated 80 percent of employers,’
some skilled IT workers report spending up to 20
percent of their own time training to keep cur-
rent in their field.*®* Many workers interested in
upgrading their skills on their own, can take ad-
vantage of the lifetime learning tax credit.*® Edu-
cational enrollment trends show that more work-
ers are returning to school for job/career-related
training. Between 1995 and 1999, participation
in adult education programs increased across al-
most all age groups. For students enrolled in
classes that were job related, enroliment grew
fastest for the 55-59 age group.

IT and the Contingent Workforce

The contingent workforce includes workers who
are part-time, temporary, self-employed, on-call,
or independent contractors. Depending on how
many of these groups are included in the defini-
tion, the size of the contingent workforce in 1999
ranged from 5 to almost 30 percent of all work-
ers. BLS provides three measures of contingent
workers, defined according to the worker’s ex-
pected length of tenure. According to the broad-
est measure, the number of contingent workers
has not changed much over time.?° In 1995, the
first year of the survey, there were slightly more
than 6 million contingent workers; the number
declined to 5.57 million in 1997 and 5.64 million
in 1999. In contrast, employment in the help
supply (temporary staffing) industry has grown
dramatically—12 percent per year between 1992
and 2000, and BLS projects that it will be among
the fastest growing industries over the next de-
cade. Nonetheless, during the recent economic
slowdown, employees in the help supply industry

17 Lisa Lynch and Sandra Black, “Beyond the Incidence of
Employer-Provided Training,” Industrial and Labor Relations Re-
view, Vol. 52, No. 1, October 1998.

18 Based on National Research Council interviews with IT place-
ment specialists. Building a Workforce for the Information
Economy, National Academy Press, 2001, p. 254-255.(http://
www.nap.edu/catalog/9830.html)

19 Internal Revenue Service, “Tax Benefits for Higher Educa-
tion,” Publication 970. (http://www.irs.gov)

20 Steven Hipple, “Contingent Work in the Late-1990s,” Monthly
Labor Review, March 2001.
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have been the first to suffer layoffs. Employment
(seasonally adjusted) in that industry declined by
6 percent during the first half of 2001.

More generally, information technologies have
allowed the help supply industry to more efficiently
and quickly match contingent workers with em-
ployers requiring these types of workers.?* In ad-
dition, some researchers contend that increased
use of temporary workers helped maintain a low
rate of unemployment throughout the 1990s by
helping restrain wage pressures that ordinarily
accompany tight labor markets. IT also gives self-
employed and independent contractors the flex-
ibility and mobility to work outside of a traditional
organization. Though temporary workers often
lag behind in wages and benefits and run a greater
risk of job loss, some workers prefer these types
of flexible, nontraditional arrangements.??

IT and Job Search/Placement Outcomes

Information technologies are also changing the
way we find work. From 1998 to 2000, the pro-
portion of unemployed workers who reported
regularly using the Internet to search for jobs, in-
creased from 15 to 26 percent.?®> Companies not
only post job openings on their web sites, but ac-
cept applications online. In 2000, there were over
3000 Internet job boards. Monster.com, one of
the major Internet job search boards, saw the
number of job seekers double in less than a year
from 7 million in April 2000 to 14 million in March

21 Lawrence Katz and Alan Krueger, “The High Pressure U.S.
Labor Market of the 1990s,” Brookings Papers on Economic Ac-
tivity, 1999.

22 GAO report, “Contingent Workers- Incomes and Benefits
Lag Behind Those of Rest of Workforce,” GAO/HEHS-00-76, June
2000.

23 peter Kuhn and Mikal Skuterud, “Job search methods:
Internet vs traditional,” Monthly Labor Review, October 2000.
Kukh and Skuterud unpublished estimates, December 2001.

2001. The number of job postings increased from
360,000 to over 500,000 during the same pe-
riod. Many government agencies now allow po-
tential employees to search and apply for jobs
online.

Online job searching and advertising enable
more efficient matching of workers and employ-
ers.?* Efficiencies arise because potential employ-
ers can provide more information to job seekers
more conveniently, on a more timely basis, and
at a lower cost via an Internet job board or an
online database. In contrast, space is limited (be-
cause of cost) in a traditional print classified ad-
vertisement. Also, employers can screen a larger
number of applicants at a lower cost by scanning
large volumes of information for keywords that
indicate specific skills or work experience. Im-
proved quality of matching between employers
and job seekers should translate to higher pro-
ductivity, output, and profitability for the employer.
Moreover, access to so many job search options
makes it easier for workers move between jobs.

CONCLUSION

Labor markets in the new economy provide
workers with both opportunities and challenges.
For higher skilled workers, the new economy of-
fers strong demand and high wages. Lower skilled
workers, on the other hand, are seeing skill re-
quirements rise across a broad range of occupa-
tions. IT allows greater flexibility in working ar-
rangements and lets employers quickly hire and
release workers in response to changing market
conditions. IT also makes the job search process
easier for job seekers, and gives employers ac-
cess to a wider and more diverse labor pool.

24 David H. Autor, “Wiring the Labor Market,” NBER Working
Paper 7959, October 2000. (http://www.nber.org/papers/w7959)
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Chapter Vi

International Sales

of Information Technology

Goods and Services

n the midst of a global economic slowdown, U.S.
IT goods trade slowed substantially in 2001. With
imports down $28 billion and exports down $19
billion through the third quarter, the annual deficit
in IT goods may shrink for the first time in five years.
Deficits are a chronic feature of U.S. IT goods
trade (Figure 6.1). Moreover, except for 2001 and
a brief period in the mid-1990s, our position has
steadily worsened. In 2000 (the last year for which
we have annual data), the U.S. trade deficit in IT
goods was a record $88 billion (Figure 6.1). Defi-
cits appeared in all major subcategories of goods
trade except software and instruments. On the ser-
vices side, 2000 data indicate a positive balance
($6.4 billion), with net receipts for computer and
information services and software royalties and li-
cense fees ($8.0 billion) comfortably exceeding the
nation’s long-standing deficit in payments for tele-
communications services.

Large and persistent IT trade deficits may seem
to be clear evidence of competitive weakness and
a telling refutation of the general perception that
U.S. IT producers are leaders in the world market.
In an increasingly integrated global economy, how-
ever, trade balances are incomplete and even mis-
leading indicators of competitive success. Assess-
ments of U.S. competitiveness must also take ac-
count of evolving patterns of global production and
distribution.

“Mr. Pastore is an economist in the Office of Business and Industrial
Analysis, Office of Policy Development, Economics and Statistics
Administration.
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Source: OBIA calculations based on Census data obtained from the Trade Policy
Information System (TPIS), International Trade Administration (ITA), U.S. Depart-
ment of Commerce.

In addition to analyzing U.S. trade in IT goods
and services, this chapter examines two factors that
help to explain the apparent inconsistency between
IT trade deficits and the perceived competitive
strength of U.S. producers: (i) the tendency of U.S.
IT companies to rely on overseas affiliates rather
than exports to service foreign clients; and (ii) glo-
bal deployment of production by multinational com-
panies resulting in large negative intra-firm trade
balances for the United States. Among the
chapter’s most important findings are:

® |n 1998 (the last year for which data on the
operations of U.S. multinationals are avail-
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able), foreign sales of goods and services by
majority-owned overseas affiliates of U.S. IT
companies exceeded $202 billion—almost
twice the value of comparable exports ($113
billion) that year from the United States.*

® The United States remains the world’s largest
exporter of IT goods, supplying 18 percent of
the IT goods traded in world markets in 1999.
Sales of goods produced abroad by foreign af-
filiates of U.S. companies to unaffiliated for-
eigners increase the global trade share of U.S.
IT goods.

® |n 2000, the U.S. deficit in IT goods trade be-
tween related parties (i.e., U.S. parents and
their foreign affiliates or foreign companies
and their U.S. affiliates) totaled $104 billion—
more than the entire U.S. IT trade deficit in
2000.

e While globalizing production, however, U.S.
companies have kept high value-added func-
tions at home. Plants located in the United
States still produce, on average, more than
three-quarters of the combined value added
of companies in the United States and their
foreign affiliates in the computer and office
equipment, household audio and video and
communications equipment, and electronic
components and accessories industries. U.S.
workers employed in these industries earn on
average more than twice as much as employ-
ees of U.S. foreign affiliates in the same in-
dustries.

U.S. IT trade deficits also reflect cyclical, macro-
economic trends. Rapid economic growth in the
United States through mid-2000 and the rush by
U.S. businesses to adopt the latest in IT hardware
and software were potent forces drawing in imports.
The economic slowdown since mid-2000 is having
the opposite effect.

I. TRADE IN IT-MANUFACTURED GOODS

The $88-billion overall deficit in U.S. IT goods
trade in 2000, reflected deficits in all major seg-
ments of the IT goods market except instruments
and software. Table 6.1 shows that the largest
deficits in absolute terms were for components and
accessories ($32.5 billion), computer and office

1iCitations for this and other findings reported in this summary
introduction are included in later sections of the chapter.

equipment ($25.5 billion), and household audio
and video equipment ($24.1 billion). The main
contributors to the overall ($22 billion) increase in
the deficit from 1999 to 2000, however, were tele-
communications equipment, with a deficit increase
of $9.8 billion, and electronic components and ac-
cessories, with an increase of $6.8 billion. Of the
two surplus-generating IT goods categories, only
instruments registered an increase. The surplus
in software products declined 3.4 percent.

Closer inspection of the trade flows reveals a
mixed pattern. The $13 billion improvement in the
U.S. balance from 1995 to 2000 on sales of semi-
conductors and related devices and parts - driven
to a large extent by increasing surplus sales of “un-
mounted” chips and wafers - is almost the mirror
image of a $12.3 billion increase in the deficit on
electronic components, n.e.c., a category domi-
nated by imports of assembled printed circuits.?
The two measures taken together provide a ready-
made example of the international division of la-
bor that now characterizes the global IT industry.
Leading technology producers retain control of capi-
tal and knowledge intensive operations while trans-
ferring the more labor intensive manufacturing and
assembly overseas. The year 2000 also marked
the second time in a row that U.S. imports of com-
puters exceeded exports. Asin 1999, the negative
balance on portable computers, dominated by defi-
cits with Taiwan ($3.8 billion) and Mexico ($1.6 bil-
lion), more than accounted for the overall imbal-
ance in computers.

The deficit in communications equipment trade
rose substantially in 2000, jumping to $12.7 bil-
lion from $2.9 billion in 1999. This increase re-
flected import growth of nearly 60 percent com-
pared with 12 percent for exports. Imports of ra-
diotelephones (predominantly cell phones) ac-
counted for about half of the rise.

Il. TRADE IN IT SERVICES

IT services trade falls in two major categories—
computer-related services and telecommunications
services. Between 1990 and 2000, the United
States enjoyed growing surpluses in cross-border
sales of computer-related services, including infor-

2 This observation is based on analysis of commodity trade flows
from 1996 through 2000 based on harmonized trade classification
system. Data source: TPIS database, International Trade Adminis-
tration, U.S. Department of Commerce.
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TABLE 6.1: U.S. TRADE IN IT MANUFACTURED GOODS
(Billions of dollars)
Exports |
Product Description | 1990 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000
All'IT Goods 57.6 100.8 107.5 124.7 120.6 130.6 153.9
Computer and office equipment 24.0 35.5 39.0 42.9 39.7 39.8 457
Electronic computers 7.6 9.2 9.4 10.1 8.4 8.3 9.6
Computer storage devices 27 3.8 33 35 34 34 3.0
Computer peripheral equipment and parts 12.7 213 249 279 26.4 26.8 317
Calculating and accounting equipment and parts 0.5 0.5 0.6 0.7 0.7 0.7 0.8
Office machines and parts, nec 0.5 0.7 0.8 0.8 0.8 0.7 0.7
Electronic components and accessories 17.4 34.7 36.4 44.2 435 52.1 64.3
Electron tubes 0.6 15 17 23 25 24 2.6
Printed circuit boards 18 17 17 2.0 22 24 2.9
Semiconductors and related devices and parts 10.7 22.7 24.0 29.0 29.0 36.6 44.7
Electronic capacitors and resistors 0.7 15 18 2.1 20 23 33
Electronic coils, transformers, and connectors 1.2 2.0 2.2 2.7 2.6 2.8 3.8
Electronic components, nec 23 5.4 5.0 6.1 53 5.6 7.0
Household audio and video equipment 21 33 35 4.1 4.5 3.8 4.1
Communications equipment 5.2 12.6 13.0 16.0 16.0 17.3 19.4
Telephone and telegraph apparatus 2.4 5.8 6.6 7.3 7.9 9.1 11.8
Radio and TV communications equipment 2.8 6.8 6.4 8.6 8.2 8.2 7.7
Instruments 6.0 9.5 10.1 117 116 12.7 15.7
Magnetic and optical recording media 1.7 2.0 2.7 2.6 2.0 1.7 14
Prepackaged software 12 3.2 2.8 3.3 3.2 3.3 3.3
Imports |
Product Description 1990 | 1995 | 1996 1997 1998 1999 2000
All IT Goods 69.0 151.2 154.1 167.1 171.5 196.4 241.7
Computer and office equipment 16.7 43.2 50.0 58.1 57.4 63.6 71.2
Electronic computers 2.6 4.9 6.4 7.3 7.2 10.1 13.6
Computer storage devices 6.0 14.2 16.4 19.5 18.1 16.9 16.3
Computer peripheral equipment and parts 6.3 21.4 24.6 28.6 29.2 33.9 38.4
Calculating and accounting equipment and parts 1.0 1.2 1.3 1.4 15 1.4 1.6
Office machines and parts, nec 0.9 15 1.4 1.3 1.4 1.3 1.3
Electronic components and accessories 28.4 69.3 65.4 67.8 68.1 77.8 96.7
Electron tubes 08 14 12 11 1.0 0.9 08
Printed circuit boards 19 19 19 21 2.0 22 3.0
Semiconductors and related devices and parts 12.1 39.2 37.0 37.0 337 37.8 48.2
Electronic capacitors and resistors 0.8 1.8 1.6 1.9 1.9 2.3 3.8
Electronic coils, transformers, and connectors 17 3.0 3.0 34 33 37 49
Electronic components, nec 111 221 20.7 22.3 26.2 30.9 36.0
Household audio and video equipment 10.9 18.0 16.9 18.5 21.2 238 28.2
Communications equipment 8.5 125 131 13.2 145 20.2 32.1
Telephone and telegraph apparatus 4.1 5.9 6.3 7.2 7.8 9.7 15.1
Radio and TV communications equipment 4.4 6.6 6.8 6.1 6.7 105 17.0
Instruments 3.0 5.8 6.0 6.8 7.5 8.3 10.5
Magnetic and optical recording media 15 19 2.1 2.1 2.1 2.2 2.4
Prepackaged software 0.2 0.6 0.5 0.6 0.6 0.5 0.5
Balance (X-M) |
Product Description 1990 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000
All'IT Goods -11.5 -50.4 -46.6 -42.5 -50.9 -65.9 -87.8
Computer and office equipment 7.3 1.7 -11.1 -15.2 -17.7 -23.8 -25.5
Electronic computers 5.0 4.3 3.0 2.8 11 -1.8 -4.0
Computer storage devices -3.3 -10.4 -13.1 -16.0 -14.7 -135 -13.3
Computer peripheral equipment and parts 6.4 -0.1 0.3 -0.7 -2.7 -7.1 -6.8
Calculating and accounting equipment and parts -0.4 -0.7 -0.7 -0.7 -0.7 -0.8 -0.8
Office machines and parts, nec -0.4 -0.8 -0.6 -0.5 -0.6 -0.6 -0.6
Electronic components and accessories -11.0 -34.6 -29.0 -23.6 -24.7 -25.7 -32.5
Electron tubes -0.1 0.2 05 11 15 15 1.8
Printed circuit boards 0.0 0.2 -0.2 -0.1 0.1 0.2 -0.1
Semiconductors and related devices and parts -1.4 -16.5 -13.0 -8.1 -4.8 -1.2 -35
Electronic capacitors and resistors -0.1 0.3 0.1 03 0.1 0.0 -0.5
Electronic coils, transformers, and connectors -0.5 -1.0 -0.8 -0.7 -0.7 -0.9 -1.1
Electronic components, nec -8.8 -16.7 -15.7 -16.2 -20.9 -25.3 -29.0
Household audio and video equipment -8.8 -14.6 -13.4 -14.4 -16.7 -20.1 -24.1
Communications equipment -3.3 0.1 -0.1 2.7 15 -2.9 -12.7
Telephone and telegraph apparatus -17 -0.1 03 0.2 0.1 -0.6 -33
Radio and TV communications equipment -15 0.2 -0.4 2.6 15 -2.3 -9.4
Instruments 3.0 3.7 4.0 4.9 4.1 4.4 52
Magnetic and optical recording media 0.2 0.1 0.6 0.5 -0.1 -0.5 -1.0
Prepackaged software 1.0 2.6 2.3 2.7 2.6 2.8 2.7
Sources:
OBIA tabulations based on Census data from the Trade Policy Information System (TPIS) database, International Trade Administra-
tion, U.S. Department of Commerce.
Data on software trade from Bureau of Economic Analysis, Balance of Payments Division.
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mation services and royalty income from software
sales (Figure 6.2). Imports (purchases of services
from overseas) over the period grew at 32 percent
per year, while exports (receipts for U.S. services
provided to overseas customers) grew at 21 per-
cent. Though imports grew more rapidly than ex-
ports, the value of exports of computer-related ser-
vices in 2000 ($8.8 billion) was still almost six times
the value of imports. Receipts from royalties and
license fees accounted for close to half (44 per-
cent) of computer services exports.3

In contrast, deficits in telecommunications ser-
vices trade are a fixture in the U.S. IT service sec-
tor, averaging more than $3 billion a year between
1990 and 2000. A number of factors contribute to
the imbalance, including the relatively higher in-
comes in the United States and the wide array of
cultural and business ties that exist between U.S.
and foreign residents. In recent years, however,
several developments worked to lower international
rates and, along with them, the U.S. deficit. One
of these was the FCC Benchmarks Order, which re-
quires U.S. carriers to negotiate more cost-based
settlement rates with foreign carriers for terminat-
ing calls from the United States. Another was the
WTO Agreement on Basic Telecommunications,
which accelerated the global trend of opening do-
mestic telecommunications markets to competi-
tion. The WTO agreement obligated signatories to
reduce their settlement rates by predetermined
amounts each year over a five-year period begin-
ning in 1997. Table 6.2 shows U.S. trade involving
the major IT services between 1990 and 2000.

Iil. TRADE EFFECTS OF THE GLOBALIZATION
OF PRODUCTION AND DISTRIBUTION
OF IT GOODS AND SERVICES

Driven perhaps by the desire to increase foreign
sales or to raise the level of support provided to
overseas clients or by pressure to reduce costs, U.S.
IT companies have established a significant opera-
tional presence abroad. The global deployment of
production and distribution has strengthened U.S.
companies in a highly competitive sector of the
world economy.

Foreign sales of majority-owned foreign affiliates
of U.S. IT companies in the five industries for which
data are reported (i.e., computer and office equip-

3Does not include royalties and license fees received from for-
eign affiliates

Figure 6.2

U.S. TRADE
IN COMPUTER-RELATED SERVICES!

Billions

$10 ~
$9
$8 -
$7
$6 -
$5 -
$4 -
$3
$2 -
$1
$0 -

1990 1992 1994 1996 1998 2000

W Exports O Imports

services, data base and other information services, and receipts of software
royalties and license fees.
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reau of Economic Analysis, “U.S. International Services: Cross-Border Trade in
2000 and Sales through Affiliates in 1999,” Survey of Current Business 81 (No-
vember 2001) and data provided by BEA, Balance of Payments Division.

ment, electronic components and accessories,
household audio and video and communications
equipment, computer and data processing services,
and communications services)* substantially ex-
ceed U.S. exports of comparable goods and ser-
vices (Figure 6.3).5 In 1998 (the most recent year
for which data are available)®, estimated sales by
foreign affiliates of U.S. firms in these industries
totaled about $202 billion—almost twice the value
of comparable IT goods and services exported by
all U.S. companies that year ($113 billion).” For-
eign affiliates of U.S. firms in the computer and of-
fice equipment industry accounted for more than
half of these sales.

To reduce costs, U.S. firms reportedly have trans-
ferred production of many lower value-added,
commoditized components and parts to foreign af-

4 Defined as sales to unaffiliated foreigners of goods and ser-
vices by majority-owned foreign affiliates of U.S. IT companies net of
the apportioned value of U.S. exports going to these affiliates. Source:
U.S. Department of Commerce, Bureau of Economic Analysis, U.S.
Direct Investment Abroad: Operations of U.S. Parent Companies and
Their Foreign Affiliates, Preliminary 1998 Estimates (Washington,
D.C.: U.S. Department of Commerce, 2000), Tables llIl.F 9 and II.T 1.

5In this regard, the IT sector is no different from other U.S. indus-
tries with a global presence. See also Joseph Quinlan and Marc
Chandler, “The U.S. Trade Deficit: A Dangerous Obsession,” Foreign
Affairs, Vol. 80, No. 3 (May/June 2001), 87-97.

8 Data from the 1999 survey are expected to be published in the
spring of 2002.

7 The $113 billion figure does not include the value of U.S. ex-
ports of IT instruments (measuring and controlling devices), mag-
netic and optical recording media, prepackaged software, or receipts
from overseas clients of software royalties and license fees.
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TABLE 6.2: U.S. TRADE IN IT SERVICES

(Billions of dollars)

Exports (Receipts) |

Description

[1990] 1994 | 1995 ] 1996 | 1997 | 1998 | 1999 | 2000

IT Services Exports

To Unaffiliated Parties 4.0
Telecommunications services 2.7
Computer-related services 13

Software royalties and license fees @
Computer and data processing services 1.0
Data base and other information services 0.3

To Affiliated Parties®
Computer and information services®
U.S. parents to foreign affiliates
U.S. affiliates to foreign parent group

11.7 13.8 13.6 14.0
6.7 7.4 8.2 10.1 125 12.2 12.6

29 3.2 3.3 3.9 5.6 3.7 3.8
3.8 4.1 4.9 6.2 6.9 8.5 8.8
15 1.7 2.1 2.7 3.2 3.7 3.9
13 13 16 2.0 19 2.7 25
1.0 11 12 15 18 21 2.4

1.6 13 14 1.4

14 13 13 14
0.2 %) 0.1 ®

Imports (Payments) |

Description

(1990 ] 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000

IT Services Imports

From Unaffiliated Parties 5.7
Telecommunications services 5.6
Computer-related services 0.1

Software royalties and license fees (Y]
Computer and data processing services 0.0
Data base and other information services 0.1

From Affiliated Parties®
Computer and information services®
U.S. parents from foreign affiliates

U.S. affiliates from foreign parent group

10.4 101 9.0 7.6

7.3 7.9 8.9 9.6 9.2 8.2 6.9
6.9 7.3 8.3 8.3 7.7 6.6 54
0.4 0.6 0.6 12 15 16 1.6
0.2 0.3 0.2 0.5 0.5 0.5 0.5
0.1 0.1 0.3 0.6 0.8 0.9 0.8
0.1 0.2 0.1 0.1 0.2 0.2 0.2

0.8 0.9 0.8 0.7

0.5 0.6 0.6 0.6
0.3 0.3 0.2 0.1

Balance (X-M) |

Description

11990 ] 1994 | 1995 ] 1996 | 1997 | 1998 | 1999 | 2000

IT Services Trade Balance

Between Unaffiliated Parties -1.6
Telecommunications services -2.8
Computer-related services 12

Software royalties and license fees (63}
Computer and data processing services 1.0
Data base and other information services 0.2

Between Affiliated Parties®
Computer and information services®

U.S. parents from foreign affiliates
U.S. affiliates from foreign parent group

13 3.7 4.6 6.4

-0.6 -0.5 -0.7 0.5 3.3 4.0 5.7

-4.1 -4.1 -5.0 -4.4 -2.1 -2.9 -1.5
34 3.6 4.3 4.9 54 6.9 7.2
13 14 2.0 2.2 27 3.2 3.3
1.2 12 13 14 11 1.8 16
0.9 0.9 1.0 14 16 1.9 2.2

0.8 0.4 0.6 0.7

0.9 0.7 0.7 0.8
-0.1 -0.3 -0.1 -0.1

“Less than $50 million. Treated as zero when used in calculations.
YIncluded in computer and data processing prior to 1992.

2Trade between affiliated parties reported on an industry basis. For accounting purposes, BEA considers all intrafirm payments for telecom-
munications services as transactions between unaffiliated parties. BEA does not separately identify intrafirm payments involving software
royalties and license fees. However, unpublished data indicate that net payments to U.S. companies are substantial and could add a few

billion dollars a year to the trade surplus.

Sources:

SIncludes both computer and data processing services and data base and other information services.

U.S. Department of Commerce, Bureau of Economic Analysis, "U.S. International Services: Cross-Border Trade in 2000 and Sales through
Affiliates in 1999," Survey of Current Business 81 (November 2001).
Unpublished data on software royalties from 1994 through 1996 obtained from BEA, Balance of Payments Division.

filiates, while focusing in the United States on more
profitable higher-end manufacturing activities and
on the provision of computer and information ser-
vices. Census Bureau estimates of industry-level
value-added support this contention. Between
1995 and 1998, American manufacturing workers

in the computer and office equipment, household
audio and video and communications equipment,
and electronic components and accessories (IT3)
industries generated more than three-quarters of
the combined value-added produced at IT3 firms
located in the United States and at majority-owned
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TABLE 6.3: U.S. IT GOODS TRADE BETWEEN RELATED PARTIES

2000

(Billions of dollars)

Exports Imports Balance (X-M)
L To From Between
Product Description . . .
Related Other Related Other Related Other
Parties Parties Parties
Total? 150.6 241.1 -90.6
AllIT 56.5 94.1 160.4 80.8 -103.9 13.3
Computer and office equipment 17.9 27.8 47.9 233 -30.0 4.5
Household audio, video and communication eq 6.8 16.7 42.4 18.0 -35.5 -1.3
Electronic components and accessories 25.5 38.7 62.2 34.5 -36.7 4.2
Other IT goods (excluding software) 6.3 10.8 7.9 5.0 -1.6 5.9

IConsists of trade between unrelated parties or parties who fail to specify whether a relationship exists.
2Total does not reflect trade in software. Values may differ from those in Table 5.1 because of rounding.

Source:

OBIA tabulations derived from data provided by the Foreign Trade Division, U.S. Census Bureau, U.S. Department of Commerce.

TABLE 6.4: WORLD TRADE IN IT GOODS'
1996 AND 1999

(Billions of dollars)

Rate of Share of
Country of Exports Growth  |World Exports Rank
Origin
1996 1999 1996-1999 1999 1999 | 1996
Total 769 970 8.1%

United States 146 170 5.3% 18% 1 1
Japan 115 121 1.9% 13% 2 2
Taiwan 15 60 57.6% 6% 3 11
Germany 53 58 2.8% 6% 4 3
Malaysia 39 52 10.0% 5% 5 6
United Kingdom 40 49 7.1% 5% 6 5
Singapore 48 48 -0.1% 5% 7 4
Korea 32 46 12.6% 5% 8 7
Mexico 18 32 21.4% 3% 9 10
France 26 29 4.7% 3% 10 8
Netherlands 22 29 9.4% 3% 11

Philippines 11 23 29.1% 2% 12 16
Ireland 11 19 20.3% 2% 13 15
Thailand 14 19 9.0% 2% 14 13
Canada 15 18 5.9% 2% 15 12
Hong Kong 13 15 3.7% 2% 16 14
Hungary 2 7 59.3% 1% 17 17

Rest of World 150 177 5.6% 18%

1Harmonized trade system (HTS) categories grouped to reflect 1987 SIC-based IT goods trade, not including software. Imports (c.Lf). reported by
trading partners used as the measure of a country’s exports. Calculated totals are estimates of the value of IT goods based on the first six digits of 10-
digit HTS commondity codes for IT goods. The resulting inclusion of some non-IT goods and the different sources and valuation of the reported data
cause the value of IT trade for the United States (and most likely for other countries as well) to be overstated.

Source:

OBIA tabulations based on United Nations trade data obtained from the TPIS database, ITA, U.S. Department of Commerce.
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Figure 6.3
FOREIGN SALES!' OF MAJORITY-OWNED

FOREIGN AFFILIATES OF U.S. IT COMPANIES
COMPARED TO U.S. IT EXPORTS?

Billions

$250 4
$200 +
$150 -
$100 -

$50 -

$0
1995 1996 1997 1998

m Foreign sales o U.S. exports

1Sales of goods and services to unaffiliated foreign parties by foreign affiliates of
U.S. companies in IT3, computer and data processing services, and telecommu-
nications services industries net of the apportioned value of affiliate purchases
of goods from the United States. Values withheld to avoid disclosure were esti-
mated for purposes of aggregation.

2U.S. exports of IT3 products and receipts for exports of computer-related services
(excluding software royalties and licensing fees) and telecommunications ser-
vices. Exports do not include receipts from intrafirm sales of computer-related
services.

Sources: OBIA calculations based on data derived from U.S. Department of Com-
merce, Bureau of Economic Analysis (BEA), U.S. Direct Investment Abroad: Op-
erations of U.S. Parent Companies and Their Foreign Affiliates, Revised 1995,
1996, and 1997 Estimates and Preliminary 1998 Estimates (Washington, D.C.:
U.S. Department of Commerce: 1998-2000); Census trade data in TPIS, ITA, U.S.
Department of Commerce; and U.S. Department of Commerce, Bureau of Eco-
nomic Analysis, "U.S. International Services: Cross-Border Trade in 2000 and
Sales through Affiliates in 1999," Survey of Current Business 81 (November 2001).

foreign IT3 affiliates of U.S. companies. An OBIA
estimate places the total value added by these firms
in 1998 at about $172 billion.®

Reflecting their higher per capita value-added,
U.S. domestic workers in IT3 industries are better
paid than their U.S. foreign affiliate counterparts.

8 OBIA estimates are based on data on value added obtained from
the Annual Survey of Manufacturing (1999), Table 2, and USDIA Op-
erations (1998), Table Ill G.4. We arrive at this figure by combining
NAICS-based estimates of value added from the Census Bureau’s
Annual Survey of Manufacturing (for companies located in the United
States) and SIC-based estimates from BEA of the gross product of
majority-owned foreign affiliates. The measure is an approximation
because the two concepts,while similar, are not identical. Value
added is derived from a measure of total inputs that includes the
cost of purchased services. BEA does not include the value of pur-
chased services in its input measure when calculating gross prod-
uct. While the method for calculating affiliate gross product is con-
ceptually similar to the one used by BEA in its gross domestic prod-
uct by industry data series, the industry-level estimates are only avail-
able at the two-digit SIC level, which makes them inadequate for our
purposes here. A comparison of the ASM estimate of value added
for all manufacturing industries in 1998 ($1,956 billion after adjust-
ing the published NAICS-based $1,899 billion figure to reflect SIC-
based accounting conventions) with the corresponding BEA estimate
of gross product by (SIC) industry for all manufacturing industries
($1,432 billion) shows that the value added measure was about 27
percent higher than the corresponding gross product estimate. Re-
ducing the value added by U.S.-based firms accordingly lowers the
average U.S. share for the period 1995-1998 from 82 to 77 percent.

Average annual compensation per U.S. domestic
worker in the IT3 industries was $51,787 in 1998
versus $24,727 for employees of majority U.S.-
owned foreign affiliates.®

As a result of the globalization of production, in-
ternal transfers between accounting units of a
single firm may become international transactions
affecting national trade balances. A case in point:
shipments of goods between firms producing in the
United States and related companies located on
foreign soil have a large negative impact on
America’s IT trade balance. Census data for the
year 2000 show that two-thirds ($160 billion) of
U.S. imports of IT goods and a little over a third
($57 billion) of U.S. IT exports involved shipments
between related parties—i.e., U.S. parents and their
foreign affiliates or foreign parents and their U.S.
affiliates (Table 6.3).1° The resulting U.S. deficit in
related party IT goods trade ($104 billion) in 2000
more than accounted for the nation’s total IT trade
deficit.

Finally, despite large and increasing deficits in
U.S. IT trade and intense competition from produc-
ers in foreign countries, the United States remains
the world’s largest exporter of IT goods (Table 6.4).
According to U.N. trade data,** companies located
in the United States supplied about $170 billion,
or 18 percent, of all IT goods traded in 1999. Ex-
ports to third countries of goods produced by for-
eign IT affiliates of U.S. companies ($88 billion in
1998) increase the contribution of U.S. companies
to world trade in IT goods.*?

 OBIA estimates are based on data on compensation of employ-
ees obtained from Annual Survey of Manufacturing (1999), Table 3,
and USDIA Operations (1998), Table Il H.7.

10 Tabulations are based on data provided by the Foreign Trade
Division, Bureau of the Census, U.S. Department of Commerce.

11 United Nations trade data were obtained from the Trade Policy
Information System (TPIS), International Trade Administration, U.S.
Department of Commerce. Imports, c.i.f., were used as the mea-
sure of world trade.

12 Exports of goods by majority-owned foreign IT3 affiliates of U.S.
companies (i.e., non-local foreign sales of majority-owned foreign
affiliates net of the apportioned value of goods they imported from
the United States). See USDIA Operations (1998), Tables lll F.14 and
II'T.1. The industry-based foreign affiliate trade figures from BEA are
not strictly comparable to the product-based UN trade numbers, but
they provide a rough basis for gauging the relative magnitudes of
the flows involved.
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Chapter Vi

e-Learning:

Impacts of IT on Education

Understanding IT’s role in the economy can be facilitated by a careful examination of varied industry-level effects. The effects of IT in
health care, for example, are quite different from the effects of IT in manufacturing. This year’s report begins an analytical approach
we hope to continue in future reports—examination of important industry cases. The current chapter assesses the role of IT in the
education industry, the relative importance of this industry, and the current and potential effects of IT on the way we learn.

The use of information technology in education
is not new and it has not always been success-
ful. From the integration of audio and visual equip-
ment, such as educational filmstrips and audio-
tapes of 50 years ago, to the more recent use of
videocassettes and computers, we see examples
of past attempts to improve education delivery
through IT. The latest generation of technology,
including better Internet connections, education-
related web sites, and sophisticated teaching soft-
ware, promises also to have an impact on teach-
ing. The latest software can be used as a teaching
aid in conjunction with classroom instruction. And
Web-based learning has the potential to allow stu-
dents to receive education without ever setting foot
inside a classroom.

Many observers expect IT to have a profound
impact on the delivery and quality of education at
every level, from preschool and elementary school
to higher education and corporate training. At the
primary and secondary levels, they point out, com-
puters can be powerful teaching tools, allowing in-
structors to be more effective in reaching students
if discipline and motivation issues can be ad-
dressed. Atthe postsecondary and corporate train-
ing levels, the Internet and the World Wide Web
provide students with access to countless re-
sources, including remote instructors and electronic

“Ms. Savukinas is an economist in the Office of Business and Indus-
trial Analysis, Office of Policy Development, Economics and Statis-
tics Administration.

libraries that can enhance learning in ways never
before possible. More skeptical observers, how-
ever, argue that technology can be a distraction,
adding an unnecessary cost to education and even
impeding the learning process.

This chapter looks at the current applications of
IT in each level of education—primary and second-
ary, higher education, and corporate learning. In
each case, the chapter finds exciting developments
but also problems. It is too early to say where the
final balance between traditional and technology-
based education is likely to be. However, IT’s great-
est impact so far is as a complement rather than a
substitute for traditional education.

THE EDUCATION INDUSTRY

The education sector (i.e. total U.S. expenditure
for schools and universities) accounts for 7 percent
of GDP* and roughly 20 percent of all government
expenditures.? For school year 1999-2000, esti-
mated public school expenditures were $389 bil-
lion and higher education expenditures $258 bil-
lion.

In the fall of 2000, education employed 8.4 mil-
lion people, including elementary and secondary
school teachers, college faculty, and other profes-

1U.S. Department of Education, National Center for Education
Statistics, Digest of Education Statistics 2000, NCES 2001-034, Janu-
ary 2001.

2 U.S. Department of Commerce, Bureau of the Census, unpub-
lished data.
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sional, administrative, and support staff. Of these,
3.3 million (18 percent more than a decade ear-
lier) were elementary and secondary schoolteach-
ers. In addition, in 19973 there were nearly a mil-
lion full- and part-time faculty members in degree-
granting institutions.

In the fall of 1998,* approximately 52.5 million
students were enrolled in elementary and second-
ary schools, continuing a steady upward trend in
U.S. school enrollment that began in 1985. Accord-
ing to the U.S. Department of Education’s National
Center for Education Statistics, enrollment will con-
tinue to rise each year for the next several years
before gradually declining later in the decade.

In 1998, college enroliment also hit a record level
(14.5 million), with expectations of a continued rise
in the current decade. This growth in enrollment
reflects an increase in the number of college age
students, a greater incidence of high school gradu-
ates, a higher share of these graduates going on to
college, and a higher enrollment rate for older
women. Collectively, these changes more than off-
set the drop in traditional college-age enroliment
that occurred during the 1980s and early 1990s.
Between 1990 and 1998, while the enroliment rate
of part-time students held steady, college enroll-
ment of full-time students grew by 10 percent.

Employee training is also a factor in the growth
of the education sector. U.S. corporations spent
an estimated $60 billion on employee training in
2000,% including job-specific training, general edu-
cation, and skills upgrading. Workforce training has
become particularly important as employees up-
date their skills in order to keep pace with rapidly
changing technologies. Although estimates of skill
obsolescence vary, one study estimates that half
of all employees’ skills become outdated within 3
to 5 years.® This ongoing skill decay may help ex-
plain why corporate training budgets increased by
an estimated 24 percent between 1994 and 1999.7

3Latest year for which data are available.

“Latest year for which data are available.

5Rob Eure, “On the Job,” The Wall Street Journal, March 12, 2001.

SMichael Moe and Henry Blodgett, The Knowledge Web, Merrill
Lynch & Co., Global Services Research & Economics Group, Global
Foundation Equity Research Department, 2000, p. 229.

"Gregory Cappelli, Scott Wilson, and Michael Husman, e-Learn-
ing: Power for the Knowledge Economy, Credit Suisse First Boston
Corporation, 2000, p.127.

IMPACTS OF IT ON EDUCATION
Primary and Secondary Education

The Federal Government now spends an esti-
mated $1.5 billion® per year on technology invest-
ment in schools, directly through targeted programs
for technology (such as the Technology Literacy
Challenge Fund and Technology Innovation Chal-
lenge Grants) and indirectly through general fed-
eral education programs. The remainder of a
school’s technology budget comes from state and
local governments and private institutions, includ-
ing parents’ groups and private and corporate do-
nors. According to a 1998 survey®, schools in 29
large urban school districts spent an average of
$120 to $130 per student on technology during
the 1998-99 school year. However, the amount that
individual schools spent on technology and Internet
access varied widely—from $22 to $584 per stu-
dent.

Aided by lower connectivity cost and government
assistance, schools have been improving the qual-
ity and speed of their Internet connections. In
1996, nearly three-quarters of public schools with
Internet connections used dial-up network connec-
tions. By 1999, however, 86 percent were using
faster and better dedicated lines or other (non dial-
up) network connection approaches, such as ISDN,
cable modem, and wireless connections.°

According to the U.S. Department of Education,
98 percent of all public schools had an Internet
connection in 2000, up from 35 percent in 1994,
Classroom connectivity, considered more important
for instructional purposes, has increased from 3
percentin 1994 to 77 percentin 2000. Differences
remain among schools with regard to classroom
connectivity. Only 60 percent of the classrooms in
schools with high concentrations of poverty (as
measured by the percentage of students eligible
for free and reduced lunch programs) are con-
nected to the Internet, compared with 82 percent
of classrooms in schools with the lowest concen-
trations of poverty. Similarly, the ratio of students

8 The Power of the Internet for Learning, Report of the Web-based
Education Commission to the President and the Congress of the
United States, December 2000, p. 117.

% Consortium for School Networking, Taking TCO to the Classroom:
A School Administrator’s Guide to Planning or the Total Cost of New
Technology, Washington, D.C., 1999.

10 U.S. Department of Education, National Center for Education
Statistics, Internet Access in U.S. Public Schools and Classrooms:
1994-2000, NCES 2001-071, May 2001.
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to Internet-linked computers is 6 to 1 in schools
with the lowest percentage of students in poverty,
while the ratio is 9 to 1 in higher poverty schools.**

It is difficult to identify or measure the level of
improvement in student achievement resulting from
the use of web-based and other IT-enhanced learn-
ing. While educators and policymakers acknowl-
edge that more research is needed to understand
IT's impact on education, however, there is broad
agreement that computers alone do not teach chil-
dren. Two problems frequently identified by edu-
cators are the scarcity of applicable instructional
technology, including software and online content
material, and the lack of sufficient technical sup-
port and teacher training.

Instructional technology. Today, only a fraction
of the $4 billion educational content market, includ-
ing textbooks as well as instructional technology
such as software and online course material, is
comprised of online content material.*?

The educational software market is highly frag-
mented. Products and services must be targeted
according to grade and subject matter, and then
marketed to over 15,000 school districts. Demand
is limited to the number of students taking any given
class at any given time.*® Since the average cost
of supplying product in these specialized sub-mar-
kets is high, many producers have reacted by gen-
eralizing their products and services into less-spe-
cific content, geared toward a wider audience, such
as K-6.

Limited availability of online content is a particu-
lar problem in specialized areas of the curriculum,
including foreign language studies and higher-level
math and science courses. Moreover, producers
of online content are not yet addressing the inter-
ests of cultural or ethnic groups. One survey re-
ports that only 2 percent of Web sites target Ameri-
cans who speak English as a second language.

Technical support and training. Computers and
the Internet can do little to enhance the quality of
education without sufficient technical support.
Technology expenditures must balance the need
for investments in infrastructure, such as hardware,
networking, and software, and the training and tech-

11 1bid.

12 The Power of the Internet for Learning, op. cit., n. 8, p. 69.

13 Ipid. p. 70.

14 The Children’s Partnership, Online Content for Low Income and
Underserved Americans: A Strategic Audit of Activities and Opportu-
nities, 2000.

nical support required to maintain systems. In ad-
dition, teachers must be trained in the pedagogi-
cal uses of computers and the Internet. Simply
knowing how to surf the Web is not enough. A 1999
study found that two-thirds of all teachers felt that
they were not at all or only somewhat prepared to
use technology in their teaching.'® Another study
found that even younger teachers with experience
using computers felt unprepared to integrate their
skills into their teaching because training in edu-
cational technology is not part of the curriculum in
most schools of education.’® Some universities
have begun to address this deficiency. The Univer-
sity of Texas System offers a Master of Education
in Educational Technology.

Higher Education

In higher education, IT's greatest impact has
been to increase the flexibility of the learning expe-
rience, affording more people participation in ad-
vanced education through distance learning. Dis-
tance learning differs from other computer-assisted
learning technologies by accepting the fundamen-
tals of classroom teaching, reproducing them over
the Internet, and making them available at anytime
from anywhere.Y’

Since nearly half of all postsecondary students
are now over the age of 25, colleges and universi-
ties are recognizing the need to make it easier for
working adults to continue their education by of-
fering distance-learning programs and, thereby,
ensuring continuation of their role as education
providers in the future. According to a the Depart-
ment of Education, 44 percent of two-year and four-
year institutions offered online courses in 1997-
98, a 72 percent increase from 1994-95. And ap-
proximately 84 percent of four-year colleges are
expected to offer distance-learning courses in
2002.1®

The Sloan ALN?®® Consortium, an association of
95 accredited institutions of higher education of-
fering associate, undergraduate, and masters de-

15 U.S. Department of Education, National Center for Economic
Statistics. Fast Response Survey System, Public School Teachers
Use of Computers and the Internet, FRSS 70, Washington, D.C., 1999.

16 Market Data Retrieval. New Teachers and Technology. Shelton,
CT, 2000.

17 Ralph E. Gomory, “Internet Learning: Is it real and what does it
mean for Universities?” Sheffield Lecture, Yale University, January
11, 2000.

18 The Power of the Internet for Learning, op. cit., n. 8, p. 77.

19 ALN is the acronym for asynchronous learning network, or
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gree programs partially or fully through online edu-
cation, estimated that online course enrollments
in member schools exceeded 300,000 during the
2000-2001 academic year and that nearly 50 full
degree programs were offered. Members of the
Consortium are required to offer degree or certifi-
cate programs that are at least as high quality as
corresponding face-to-face programs.?° Member-
ship has steadily increased since the Consortium’s
inception in 1993. In addition, many of the dis-
tance learning projects initiated with Sloan grants
have expanded over time, with or without further
funding—an indication that distance learning can
be a viable alternative or complement to traditional
classroom learning.

One member of the Sloan Consortium, The Uni-
versity of Texas System’s UT TeleCampus, is an ex-
ample of a university that has incorporated accred-
ited distance education into its curriculum delivery
system. The UT TeleCampus was established in
1998 as the central support unit for online and dis-
tance education within the university system’s 15
component campuses. Students apply to the par-
ticipating UT campus of their choice and receive
courses from other UT campuses participating in
that degree plan. The same UT faculty members
who teach the campus-based class also teach the
online course. The UT TeleCampus currently offers
seven online graduate programs and an expand-
ing choice of undergraduate curricula.?*

Other universities have formed partnerships with
Internet education companies to bring their courses
online. For example, Stanford University partnered
with Unext.com to offer courses through the
Stanford Center for Professional Development. The
Center caters to working students, particularly en-
gineers. To matriculate into the program, a pro-
spective student must already be working in the
field.2

“people networks for anytime-anywhere learning.” See http://
www.sloan-c.org/whatisaln.htm for more information.

20 For example, the student-teacher ratio of the online program
must be equivalent to that of the classroom program.

21 The UT TeleCampus has won five national and seven regional
awards, including the U.S. Distance Learning Association’s Excellence
in Distance Learning Programming for its MBA Online. More infor-
mation can be found on their website at http://
www.telecampus.utsystem.edu/.

22 Telephone interview with Carleen Wayne, Customer Service
Coordinator, Stanford Center for Professional Development, Septem-
ber 13, 2001.

Aside from traditional universities, a new type of
for-profit institution for higher education has
emerged to offer distance-learning opportunities—
“virtual universities.” Unlike traditional colleges and
universities, virtual universities offer undergradu-
ate and graduate degrees fully online. Although
traditional universities have begun offering courses
online, virtual universities still supply the majority
of the demand for accredited online education from
nontraditional and working students who cannot
get to a physical campus. Four leading virtual uni-
versities—University of Phoenix Online, Jones Inter-
national University, Cardean University, and Capella
University—currently offer accredited bachelor and
graduate degree programs to an enrolled student
body of 27,500.2 As of Spring 2001, the Univer-
sity of Phoenix is the only one of the four earning a
profit, but with rising enroliments, the others ex-
pect to become profitable within the next few years.

Tuition at a virtual university can be up to 20
percent higher than for a physical one, due to the
cost of building and maintaining computer networks
and developing Web-based curricula.?* Once these
courses are developed, the costs of keeping them
up to date should fall and their repeated use should
lower average costs. However, other costs associ-
ated with providing online courses are less subject
to economies of scale. These include the costs of
technical and administrative support services as
well as faculty and staff to answer e-mail and moni-
tor student achievement.

In addition to higher costs, students who wish to
enroll in virtual universities must be willing to bear
the risk of making a two- or four-year commitment
to a for-profit institution with a short record of ac-
complishment and/or virtually no physical pres-
ence. In March 2001, Masters Institute, a San Jose-
based trade school offering computer classes and
degrees online, closed its doors in mid-semester.

Still, by the end of 2000, even after much of the
New Economy shakeout, virtual universities have
not had problems in obtaining venture capital. In-
vestors appear to like the revenue predictability of
virtual universities—once students are enrolled and
working on degrees, the university expects to re-
ceive a flow of income in the form of tuition.®> And

23 Jennifer Rewick, “Off Campus,” The Wall Street Journal, March
12, 2001.

24 |pid.

25 Danielle Sessa, “Business Plan”, The Wall Street Journal, March
12, 2001.
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in the face of an economic slow-down, demand for
education typically rises as workers look to update
their skills in a more competitive labor market.

Corporate training

Corporate training is the fastest growing market
for distance learning, a market that has grown from
$558 million in 1998 to $2.3 billion in 2000.2¢ Cur-
rently, only about one-third of the corporate train-
ing dollar spent on external training goes to e-train-
ing, but this is expected to increase. The appeal of
e-training is that it provides tailor-made training to
employees at exactly the time that they want and
need it.

More than 200 companies now compete in of-
fering e-training consulting services to businesses.?”
These providers include both conventional training
companies going online and dot.com startups con-
verting traditional training courses to the web. Col-
leges and universities are also entering the profit-
able corporate training market. New York
University’s for-profit entity, NYUonline, is market-
ing itself to corporations to offer classes to their
employees. NYUonline uses New York University
faculty and is providing 55 different classes to
nearly 500 of its clients’ employees. In addition,
Harvard and Stanford have announced a plan to
jointly design and deliver traditional and online ex-
ecutive education programs to companies around
the world.?®

The Federal Government is also using technol-
ogy to enhance its public job training system. The
U.S. Department of Labor’s “America’s Career Kit”
uses the Internet to coach job seeking skills and
help match unemployed workers with potential em-
ployers. One part of the Kit, America’s Learning
Exchange, is an electronic marketplace for training
and education resources.?® The Exchange currently
lists 6,500 registered training providers offering
263,000 programs, seminars, and courses—
roughly 7,000 of them accessible online.

IMPEDIMENTS TO E-LEARNING

Aside from uncertainty about the effectiveness
of web-based learning, at least three aspects of

26 Telephone interview with Cushing Anderson, lead e-learning
analyst, International Data Corporation, January 25, 2002.

27 “L essons of a Virtual Timetable,” The Economist, February 15,
2001.

28 “When Harvard Met Stanford,” Business Week, April 30, 2001.

2% Economic Report of the President, February 2000, p. 163.

distance-learning programs concern students and
faculty participating in these programs—quality as-
surance, financial aid, and intellectual property
rights.

Quality assurance. Traditional accreditation stan-
dards such as the number of books housed in the
campus library or the number of Ph.D.s on the fac-
ulty are not meaningful for a web-based course or
a virtual university.3° Moreover, many public and
private distance education institutions do not re-
ceive accreditation from the regional accreditation
agencies that certify traditional colleges and uni-
versities. Rather their accreditation is from The
Distance Education and Training Council.3 Coor-
dination among accrediting agencies to develop
meaningful quality standards for both types of edu-
cational environments could help in reducing the
skepticism many educators and policymakers feel
toward distance learning.

Financial aid. A 1992 amendment to the Higher
Education Act of 1965 barred federal student loans
and grants to students enrolled in correspondence
schools. Written before web-based learning be-
came viable, this law responded to perceived prob-
lems in program quality. Congress also set limits
on the amount of distance education an institution
may offer if it is to retain its eligibility to participate
in the federal student aid program. As a result, aid
to traditional colleges and universities was threat-
ened as schools offered more classes online. In
1999, to determine the feasibility of changing the
1992 provisions, Congress waived the financial aid
limits for a small number of online schools and tra-
ditional universities with a heavy online presence.
The U.S. Department of Education is monitoring a
five-year demonstration project designed to provide
guidance to the Congress on the quality and viabil-
ity of expanded distance education.

Intellectual property rights. Traditionally, the
course material a professor designed for the
courses he taught (e.g., syllabi and lecture notes)
was the professor’s intellectual property. However,
ownership of an online course costing the univer-
sity several thousand dollars to produce is not as
clear. Once developed, a course can be repeated,
even with another faculty member in charge. The
issue is who owns the online product. Cornell
University’s e-Cornell venture, deals with this prob-

30 The Power of the Internet for Learning, op. cit., n. 8, p. 78.
31 Ipid.



Page 64

lem by creating a three-way contract among the
school, the online spin-off, and the Cornell faculty.
The University and e-Cornell co-own the courseware,
while the faculty member(s) owns the intellectual
content behind the course.*?

Professors at other universities are still grappling
with intellectual property rights issues and consid-
ering in particular whether a university has the right
to alter curricula. Faculty ownership proponents
contend that the university’s right to alter the cur-
ricula interferes with the professor’s distribution
rights. In view of online education’s profit poten-
tial, this has become a major concern.%3

32 Michael Totty, “The Old College Try,” The Wall Street Journal,
March 12, 2001.

33 Mark Anderson, “Professors Had Better Pay Attention,” The
Standard, September 12, 2000. Pure online schools do not have
this problem. They use an unambiguous work-for-hire arrangement
and the content designers hold no stake in the courses they create.

In a related event, MIT announced that it would
make the materials for nearly all of its courses freely
available on the Internet over the next ten years.
According to MIT, the purpose of the program,
known as MIT Open Course Ware (OCW), is knowl-
edge sharing. Given the necessary levels of moti-
vation and discipline, anyone with an Internet con-
nection can access an education previously avail-
able to only an elite few. Faculty participation is
voluntary. And since the MIT OCW program is not
revenue generating, property rights issues have not
yet been a serious concern. 34

34 Policies toward the intellectual property created for MIT OCW
are to be: “...clear and consistent with other policies for scholarly
material used in education. Faculty will retain ownership of most
materials prepared for MIT OCW, following the MIT policy on text-
book authorship. MIT will retain ownership only when significant use
has been made of the Institute’s resources.” For further informa-
tion, see http://web.mit.edu/newsoffice/nr/2001/ocw-facts.html.
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